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INTRODUCTION. 



It has been my effort in this treatise so to present the ascertained 
facts in regard to the variety of climate and mineral waters in the United 
States as to render them available for the promotion of health. To this 
end, wherever I have not myself observed the conditions described, I 
have nsed the observations of others, and, for the most part, in their own 
words, withont regard to any preconceived theory of relative values; 
that whatever may be the difference in the views of physicians or other per- 
sons on the relative value of different climates and mineral waters in par- 
ticular cases, or for the promotion of health in general, the work will be 
equally available for all, with regard to the data of any given place or 

climate, or mineral waters sought. 

A. N. BELL. 

New York, October 8d, 1885. 
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Climatoloot IB the sum of the influences eserted upon the atmo- 
ephere by temperature, humidity, pressure, soil, proximity to the sea, 
]aku8, rirers, plains, forests, mountains, light, ozone, electrical condi- 
tions, and, doubtlees, by some other conditions of which we have no 
knowledge. 

Various efforts have been made from time to time by different writers 
to classify climates by taking one or more of these elements or forces 
which constitute climato as an index of its general character. But it Is 
apparent that, in estimating the climate of any place, it is necessary that 
the force of all tlie factors should he ascertained severally, in order to 
arrive at correct conclusions with relation to the general result of the 
combined action. Moreover, in all such efforts, indeed with reference 
to climates generally, controllable conditions which exercise influence 
ehould be, ae far as practicable, considered apart. These are more or less 
dangerous according to the temperature and hygrometric state of the 
Atmosphere of the place, and have often been so intimately interwoven 
with natural climatic conditions aa to confer bad repute on jjlaces which, 
GO far as meteorological in^uences alone are concerned, are the reverse. 
Insomuch, indeed, that even so distinguished a sanitarian as the late 
Edmund A. Parkes was wont to attribute the excessive mortality which 
nsod to prevail among the British forces in India and the West Indies 
to the toleration of unsanitary conditions, rather than to climate. He 
remarks, in this connection: 

" It may seem to he a bold thing to question the commonly received 
fipinion that a tropical climate is injurious to a northern constitution, 
hut there are some striking facts which it is diflScult to reconcile with 
Huch an opinion. The army experience shows that, both in the West 
Indies and in India, the mortality of the soldiers has been gradually de- 
creasing until, in some stations in the West Indies (as, for example, 
Trinidad and Barbadoes), the sickness and mortality among European 
Boldiers are actually less than on homo service, in years which have no 
yellow fever. In India, a centnry ago, people spoke with horror of the 
terrible climate of Bombay and Calcutta, and yet Europeans now live in 
health and comfort in both cities. In Algeria, the French experience Is 
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to the same effect. As the climate and the stations are the same, and the 
soldiers are of the same race and habits, what has removed the dangers 
which formerly made the sickness threefold and the mortality tenfold 
the rates of the sickness and deaths at home? 

^^ The explanation is very simple; the deaths in the West Indies were 
partly owing to the virulence of yellow fever (which was fostered, though 
probably not engendered, by bad sanitary conditions), and the general 
excess of other febrile and dysenteric causes. The simple hygienic pre* 
cautions which are efficacious in England have been as useful in the 
West Indies. Proper food, good water, pure air have been supplied, and 
in proportion as they have been so, the deadly effects attributed to 
climate have disappeared. The effect of a tropical climate is, so to speak, 
relative. The temperature and the humidity of the air are highly favor- 
able to decomposition of all kinds; the effluvia from an impure soil, and 
the putrescent changes going on in it, are greatly aggravated by heat. 
The effects of the unsanitary evils, which in a cold climate, like Canada, 
are partly neutralized by the cold, are developed in the West Indies or in 
tropical India to the greatest degree. In this way, a tropical climate is 
evidently most powerful, and it renders all sanitary precautions tenfold 
more necessary than in the temperate zone. But this is not the effect of 
climate, but of something added to climate. 

^^ Take away these sanitary defects, and avoid malarious soils, o; drain 
them, and let the mode of living be a proper one, and the European 
soldier does not die faster in the tropics than at home.^'^ 

These remarks by Dr. Parkes are fully in accord with our own ob- 
servations and studies, thirty years ago, on the Gulf coast of Mexico and 
Central America, in the West Indies, and on the west coast of Africa. 
The sickly places were everywhere marked by unsanitary local conditions. 

Eecent observations on the climatology and local conditions of foreign 
ports and places, comprehended in the reports of the Surgeon-Gkineral 
of the United States Navy; the meteorological and other reports of the 
Surgeon-General of the United States Army; the Smithsonian '* Con- 
tributions to Knowledge,'' and the reports of the United States Signal 
Service Bureau, on all of the more important centres and places in the 
United States and Territories, and places in intimate commercial rela- 
tions therewith, abundantly confirm the conclusion of Dr. Parkes and 
our own observations abroad; and our many years' close attention to the 
effects of local conditions in conflict with climate throughout the United 
States. 

It is an almost universal practice, which the author of this work fol- 
lows, to measure the influence of climate by the relation which different 
regions and localities hold to pulmonary consumption — a disease which 



> Parkes' ** Manual of Practical Hygiene.** Wood's Library Edition. YoL iL» 
pp. 80-81. 



WHAT IS CLIMATOLOGY? 3 

probably more than any other depends upon preventable conditions in- 
timately associated with a foul soil, or density of population. 

The Arab, accustomed to the free air of the desert, is said to be 
afraid of even the outskirts of the town. Many other persons there are, 
besides Arabs, whose sense of smell is sufficiently acute to detect the 
odor of great cities at a considerable distance. Yet there are multitudes 
of people in some of the most salubrious climates in the world, natur- 
ally, who fail to appreciate the difference between the stifling air of a 
badly constructed house and the Arab's tent until they experience the 
results ; or to recognize the fact that no climate is proof against the 
sickening emanations of a filthy soil, city or country. Primarily, there- 
fore, a sharp distinction should be made between such artificial and local 
conditions as are remoTable, and those which are natural and permanent, 
and measurable by meteorological instruments. It is the latter with 
which we have most to do in this treatise, excepting only the incidental 
relations of the former as modifying influences. But unfortunately these 
incidental relations are so common as to make the exceptions numerous, 
and it is quite safe to say that there are few, if indeed there are any, 
cities or villages in the United States, with populations of a thousand 
and upwards, which are not more or less contaminating to the air of 
their surroundings by neglected local conditions. 



CHAPTER II. 

THE ATMOSPHEEE— ITS EXTENT AND PHYSICAL 

PBOPEBTIES. 

The air is the first condition of life, the first element of our bodily 
tissues. It enters our bodies by the lungs, is absorbed by the blood, and 
courses through the system. By breathing alone, the air supplies three- 
quarters of our bodily nourishment, and the other quarter, which is taken 
in the form of liquid and solid aliment, consists of substances chiefiy 
composed of the same elements. 

An intimate acquaintance with the extent, properties, composition, 
and external relations of the atmosphere is, therefore, an essential pre- 
requisite to a correct comprehension of the conditions of climate. 

The extent of the atmosphere which surrounds the earth is estimated 
by astronomers to be about forty-five miles from the surface, but with 
uniformly decreasing density. It is, when pure, colorless, transparent, 
inodorous, tasteless, and so elastic that it may be condensed to nearly 
the specific gravity of water, or expanded by heat to thrice its volume — 
never, however, losing its gaseous condition. It is also ponderable; this 
was first made evident when Galileo pointed out to the pump makers of 
Florence the reason why they were not able to raise water in their pumps 
to a greater height than thirty-two feet — ^because the weight of a column 
of the atmosphere was not sufficient to balance it. Toricelli, his pupil, 
demonstrated that the -pressure of the atmosphere which would support 
a column of water thirty-two feet high, would support a column of 
mercury only thirty inches high, because mercury is fourteen times heav- 
ier than water. This he did, by taking a tube about thirty-three inches 
long, holding his finger at the bottom, and filling it with mercury; then 
dipping the lower end into a basin of mercury, and removing his fingers 
from the bottom of the tube, the mercury was found to remain in the 
tube to the height of thirty inches from the surface of that held in the 
basin. This experiment wm the first invention of the barometer, and 
the first actual demonstration of the weight of the atmosphere. Now, 
inasmuch as a column of mercury one inch square and thirty inches 
high weighs fifteen pounds, and this, at the level of the sea, is sustained 
by the superincumbent weight of the atmosphere, therefore a column 
of atmosphere one-inch square and forty-five miles high is of the same 
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weight afl the column of mercury tliirty inches high — fifteen pounds. 
Hence the barometric pressure of the atmoBphere at the sea level is 
demonstrated to be fifteen ponnds to the square inch of surface. 

The pressure of this great weight upon our bodies is not felt by na 

I ftt account of its perfect diffusion around, aud through our bodily 

Hfibw, aud because the force in cue direction upon tho surface of our 

P*8ifiUes is equally resisted in another, though it is so enormous that a man 

of ordinary size eustains a weight of nearly fifteen tons. 

The atmosphere is subject to a law which characterizes all elastic 
flnids, namely, it presses equally on all sides ; and when any portions 
become lighter than the others, the denser portions rise into their 
place and force them to seek a rarer medium, always creating a cur- 
rent from the point of greatest to that of least pressure. When the 
disturbing cause is local, transient, and irregular, partial derangement 
ensues on account of tlie action necessary to cause a speedy adjustment. 
But aa the local disturbances are always as much wanting on one side ob 
they are in excess on the other, they are equivalent to undulations of 
the same medium. Their balance will still maintain an equality of pres- 
sure, and whatever may be the disturbing causes, the restoration of the 
equilibrium is the object of all the motions excited. 

In the free atmosphere its own weight is a compensating force, con- 
seqnently its weight and elasticity both diminish in ascending from the 
ocean level. 

The atmosphere rotates with the earth upon its axis, and consequently 
in its %pper regions, and over the equator especially, it is hurled with 
incalculable swiftness and to the utmost degree of attenuation. More- 
over, penetrated by the sun's rays and in conjunction with the heat of 
the earth, it is rarefied and acquires endless motion near the earth's sur- 
face, which gives rise to winds varying in force from the gentlest breeze 
to the raging tornado. 

The siiecial movements caused by the action of the winds and tem- 
pests are limited in their height, and varied in their intensity by the 
effect of the seasons and the altitude above the level of the sea. But so 
complete is the agitation by the continual disturbance going on in the 
lower regions by these forces, that no difference has ever been discovered 
in the chemical components of the air at the various elevations at which 
it lias ever been possible to collect it for analysis. 

The decreasing weight of the atmosphere at increasing height, as 
measured by the barometer, has afforded the means of calculating its 
approximate limits. 

" By means of this decrease in the density of the air in proportion to 
its height, Biot has, by an examination of the physical conditions of equi- 
librium and a complete discussion of (he observations obtained at dif- 
ferent degrees of altitude by Gay-Lussac, Humbolt and Bousaingault, 
demonstrated that theminimnra height of the atmosphere is 16,000 feet or 
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about thirty miles. At that height^ the air must be as rarefied as beneath 
the exhausted receiver of an air-pump; that is to say^ as rarefied as the 
nearest approach to a vacuum that we can make/'' 

The decreasing density with altitude is so rapid that four-fifths of the 
weight of the atmosphere is within eight miles of the surface of the earthy 
leaving one-fifth only for the remaining thirty-seven miles of altitude, 
and so much rarefied that at the utmost limit one cubic inch is estimated 
to have expanded to 12,000 cubic inches. 

The decreasing density is well illustrated by the boiling-point of 
water, which at the level of the sea is 212° P. By decreasing the pres- 
sure on the surface of the water, which is readily done by placing it under 
an air-pump, the boiling-point is lessened in proportion'as the superincum- 
bent weight of the air is removed; as the weight of the atmosphere may 
also be overcome, and the pressure proportionally lessened by ascending a 
mountain. Professor Tyndall states that the boiling-point of water on 
Mont Blanc (at the altitude of 16,000 feet) is 184.95** F., or 27" below 
that of the sea-level — a decrease of one degree for every 596 feet of 
ascent. On the other hand, if the pressure be increased, the boiling- 
point will be raised. It has been found that by doubling the atmospheric 
pressure, making it 30 pounds to the square inch of surface, the boiling- 
point of water is raised to 294.5* F. 

1 "The Atmosphere." Translated from the French of Camille Flammarion. 
Harper & Bros. P. 81. 

# 



CHAPTER III. 

COMPOSITION OF THE ATMOSPHERE.— ITS PER 
MANENT CONSTITUENTS. 

OXTOEN AND ITS PROPERTIES— OZO^fE?— PRODUCTION. DISTRIBTJI 
TION, AND PROPERTIES— TESTS AND USES; NITROGEN, 

The compoBitioii of the atmoaphere mainly coasiata of twopermanei 
^asee — oxygen and nitrogen, in the proportion of 



Oxygen 38 parts u 

Nitrogen 77 " " 



weight ; 20,8 in volume 



OxTOSS is the-life-siistftining element of the atmosphere. In ita 
separate state it is a little heavier thitn common air: speciGo gravity, 
compared with air as nnitj, 1.1056. It iacolorlesB, transparent, anil trith- 
oat odor; soliiole in water in the proportion of ahout five per cent by 
volume, and by pros^ure to a much greater extent. Submitted to ani- 
mals, they breathe it at first with evident delight. It greatly excites 
them, but qnickcns the vital processes to such a degree as to throw them 
into a atate of fever, and finally kills them by excess of excitement. 

Ou the other hand, if an animal be placed into the residue of the 
air — that from which the oxygen has been abstracted — it suffocates iib>l 
atantly, without the power to take a single breath. 

If a lighted candle be placed in pure oxygen, it bums with greatly] 
iacreased brilliancy and rapidity, and so of all other combustible a 
stances; but where there ia no oxygen they will not burn at all. 

Such experiments show that oxygen is absolutely necessary to sustaial 
life, and to support combustion; and that without the presence of] 
«iygen there can bo no life or heat. 

Oxygen possesses the property of readily combining with other sut 
stances, by a process called oxidation, which is analogous to combustion.] 
It is in virtue of this property that wherever oxygen has free access to J 
dead organic matter, the destruction of snoh matter ia greatly promote^* J 
and putrefaction prevented. 

To this specially active pro;)er/^ of oxygen, under certain circum*! 
rtances and influences, or rather to oxygen in an exalted state of activity f 
a given the name of ozone. 

Ozone seems to have been recognized by the ancients, though with- 
out any knowledge of its nature. Jupiter is said to have struck a shipj 
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with a thunderbolt "quite full of sulphurous odor^' {Odyssey, B. XII.^ 
V. 417, and XIV., v. 307); to have "hurled a bolt, with the flame of the 
burning sulphur,'^ into the ground before Diomedes' chariot {Iliad, VIII., 
135); and " Ajax hurls a rock at Hector, who falls like a mountain oak 
struck by lightning, which lies uprooted, and from which the fearful 
smell of smoking sulphur arises'' {Hiad, XIV., 415). 

Ozone was first particularly described about a century ago by Van 
Mavum, but its nature was not discovered until in 1839 by Schonbein, 
of Basle, the inventor of gun-cotton, while engaged in some experiments 
on the decomposition of water by voltaic electricity. He showed that the 
odor was produced by the oxygen evolved at the positive pole during the 
decomposition of water by the voltaic pile. His subsequent experiments, 
confirmed by other chemists, have established the conclusion that Ozone 
is an " electricized '' or '^ active oxygen.'' 

Dr. Cornelius Fox, in his work on Ozone and Antozone, sums up the 
researches on the nature and properties of Ozone as follows: 

'* Ozone is simply a condensed or allotropic form of Oxygen, and that, 
they (Oxygen and Ozone) are mutually convertible, the one into the other, 
without the production of any other body. Ozone may be prepared: 

1. By passing through oxygen or air a number of electric sparks. 
Many apparatuses have been constructed for producing ozone in this 
manner. 

2. By the electrolysis of acidulated water. Bauiyiert obtained by the 
electrolysis of water acidulated with Sulphuric Acid .0154 grain of ozone 
in 150 litres (9,150 cubic inches) of odorous oxygen; and the same 
amount in 10 litres (610 cubic inches) when Chromic Acid was sub- 
stituted for the Sulphuric Acid. 

3. By placing a stick of Phosphorus scraped clean in the bottom of a 
vessel of air containing sufficient tepid water to half submerge it. After 
the lapse of an hour or two, the production of Ozone attains its maximum. 
The Phosphorus should then be withdrawn, and the inclosed air well 
washed, to remove the Phosphoric Acid. H the Phosphorus be allowed 
to remain, the Ozone by degrees disappears, owing to the combination 
of the metalloid. 

4. Ozone is formed by the action of strong Sulphuric Acid upon 
Potassium Permanganate. Bottger ' mixes very gradually three parts of 
the acid with two parts of the salt. The mixture, he states, will con- 
tinue to give off Ozone for several months. This mode of preparing 
Ozone is preferred by me for the purification of the air of hospitals, halls 
for public assemblies, etc. 

5. By dispersing water in a pulverized form through the air. 

6. By the introduction of a hot glass rod into a vessel of air through 
which the vapor of ether has been diffused. The preparation of ozone 

> Zeitschrift flir Chem. und Pharm., Bd. iii., S. 718. 
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in tbis manner is somewhat tronblesome, on account of the difficulty ex- 
perienced in obtBintiig the proper temperature. If the rod is not suffi- 
ciently heated, no ozone will be generated, and if it is too hot, any that 
may have been formed will be immediately converted into common. 
oxy^n. The formation of ozone in this case, as in that where it is pro- 
duced by clean moist phosplioruB, appears to be simultaneous with the 
partial oxidation of the acting substance. 

7. By the slow oxidation from exposure to light and air of certain 
ethers, volatile and resin oils, and other bodies which have been denomi- 
nated " ozone- carriers," such as sulphuric ether, chloroform, oil of tur- 
pentine, lemons, linseed, cinnamon, bergamot, and moat essential oils, 
the blood-corpuscles, etc. These bodies are said to absorb ozone without 
combining with it, and to possess the property of yielding it up to other 
substances. They bleach solutions of indigo and other plant-colors, and 
give a blue color with guaiacum and iodized starch papers. Some have 
said that these essential oils which have undergone exposure do not 
betray the presence of ozone, bnt of the peroxide of hydrogen. The 
" tnrps " sold in the shops sometimes contains as much aa 50 per cent of 
its volume of one of these oxidizing principles. 

Dr. Day, of Geelong,' has advocated the employment of one of these 
"ozone carriers" for sanitary purposes. He recommends that the shirts, 
blankets, bed-clothing and bandages of the sick be sprinkled with an 
ether which has undergone this process of oxidation. 

The various kinds of ethers differ much with respect to the amount 
of ozone contained in them, as the following table will show; 



TABLE. 










o.„.,.^ 




LrmuB. 


Iodide of 


y^ 


1. Etlier at least ten years old 

3. CoiUDiercial methylated ether 




No. 9 

4 

at 




Slightly acid 


? 


4. Refined iiiethyUte*! ether. 

B. Absoluteether(tetherpurua),P. B. 

8. Dr. Richardson's ozonic ether,, , . 
7. Another spec, of absolute ether. . 

cently made) 

9. Hectified spirit 


Very eh^htly acid 


a 


Very atrongiy acid 

Very slightly acid 

Fainteet trace of acidity 


JO 
2 


Neutral 







It will be observed that the three ethers moat highly ozoniferous are 
more acid than the others. Suspecting lest the ethers yielding decidedly 

' Lancet, February, 1800, 
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acid reactions might contain some acid peroxide of hydrogen, which de- 
oomposes iodide of potassium like ozone, I tested each of them with a 
sulphate of manganese paper (which had been colored^'by ozone), and 
with solutions of the permanganate of potash and chromic acid, with the 
following results: 



ETHBBa 



1. Old ether. . 

•6. Absolute 
ether. 

«. Dr. Rich- 
ardson's ozo- 
nic ether. 



COLORBO SULPHATK Or HANOA- 
NBBB TbST. 



Ck>lor slightly increased, 
do. 



Removed of all color. 



(b.) 
Solution or Permanoanatb 

OF POTABH. 



Ck>lor chanRed to brown, 
do. 

Ck>mplete bleaching 



(c.) 
Solution or 
.Ohbomio Aoid. 



Unchanged, 
do. 

Blue color 
produced. 



Pure peroxide of hydrogen is characterized by the property of bleach- 
ing the peroxide of manganese and permanganate of potash tests, and 
of forming a blue color with chromic acid. The numbers 1 and 5 ethers, 
like ozone, behave in a manner quite different when submitted to a and 
b tests, and are quite unable to exhibit the beautiful blue tint with 
chromic acid. 

It is evident, then, that the action of Dr. Richardson's ozonic ether on 
the iodide of potassium tests is due to the peroxide of hydrogen which 
has doubtless been mixed with it. As ozone is superior as an oxidizing 
agent to oxygenated water, the old ozoniferous ethers are to be preferred. 
Exposure to air and light seems alone necessary for the ozonization of 
ethers. This change may be easily effected by exposing to the light a 
small quantity of ether at the bottom of a very large, well corked 
bottle. 

As deodorizers and disinfectants, ozoniferous ethers are very useful 
to physicians and nurses in their attendance on the sick. They should 
be sprinkled over handkerchiefs, garments, and the bed linen of fever 
oases. Their employment in the wards of hospitals is highly desirable. 
As those which should be alone employed for sanitary purposes are ex- 
tremely powerful, it is only necessary to use a very small quantity at a 
time. A drop or two of either of the ethers numbered 1 and 5 allowed 
to moisten a handkerchief, in which an iodide of potassium test has been 
wrapped, very rapidly colors it. 

8. Ozone is said to be produced by the addition of concentrated sul- 
phuric acid to the binoxide of barium, also during the combustion of 
hydrogen, carbide of hydrogen, and of kindred gases, and in the pro- 
oesses of fermentation and putrefaction. Whenever, in fact, a chemical 
reaction takes place in the presence of atmospheric air^ oxygen is said to 
be ozonized. 
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THE COSIPOSrnON OF THE ATUOBPBEBE. H 

The PR0PEBTIB3 OP Ozone. — "Ozone U insoluble in sointioHs of the 
acids and alkalies, in alcohol, ether, essential oils, and in water. It quickly 
pariGes the last-named fluid if charged with any organic matters. ■ . . 

It acts on most substances as an oxidizing agent of great power, con- 
Terting indigo and isatin, the black sulphide of lead into the white sul- 
phate of lead, and the yellow ferrocyanide into the red ferricyanJde of 
potassium. The metals, arsenic, antimony, iron, manganese, zinc, tin, 
lead, bismuth, silver, and mercury, are oxidized by ozone. It also trans- 
forms many of the lower oxides into peroxides. Schonbein states that 
nitrites cau be changed into nitrates by ozone only, whilst antozone and 
neutral ojygen have no action on these salts. 

It deoxidizes or reduces a small cla^s of bodies, such as the peroxides 
of hydrogen and barium which become water and baryta respectively, 
being at the same time itself converted into oxygeu. When brought 
into contact, under certain circumstances with ammonia, it forms, ac- 
cording to Dr. Wood, a specific compound or salt — an ozonide of ammo- 
nium. 

Its corrosive powers, and its property of destroying most organic sub- 
stances are remarkable. In its concentrated state it possesses bleaching 
properties superior to chlorine. The experiments cf Bauraert, Schfin- 
bein, and Gorup-Besanez show that wood, straw, cork, starch, vege- 
table colors, caoutchouc pure and vulcanized, the fats and fatty aoida, 
alcohol and albumen, are oxidized by this agent. 

Ozone is thought by some to be absorbed by the blood-corpuscles with 
great rapidity, oxygen being liberated, Kune, on the contrary, is of 
opinion that the blood-globules ozonize the oxygen with which they 
come into contact, without themselves undergoing any change. 

Ozone possesses the power of destroying by oxidation the putrid ex- 
halations, such aa sulphnretted hydrogen, etc., from decomposing 
oi;ganic matters. In illustration of its deodorizing and purifying effects, 
the following experiment was iierforined by Drs. Wood and Richard- 
son. In 1854, a pint of the blood of an oi coagulated was exposed to 
the air until it was quite putrid, and the clot was softening. At the 
close of the year, the clot having Fedissolved aa a result of alkaline de- 
composition, the blood was a most offensive fluid. In 1862, the fluid 
was found to be so offensive as to produce nausea when the gases evolved 
from it were inhaled. Drs. Wood and Bichardson subjected it to a 
current of ozone from Siemens' apparatus, ffradually the offensive smell 
passed away, and the fluid mass became quite sweet. The dead blood, 
moreover, coagulated as the products of decomposition were removed, 
and this so perfectly, that the new clot exuded serum," ' 

The feats for ozone ai'e: 

' Ozone and Antozone. Their History aod Nature. By Comehus B. Fox, M.D. 
Edin., Member of the Royal Coliege of PhysicianB, etc. London: J. & A. 
Churchill, pp. 2(1. 30. 
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1. (SchSnbein's) Take of pure iodide of potasBium 1 part. 

Starch tO parts. 

Distilled water ^ 200 " 

Boil together gently for a few minuteB; and aaturate slips of wIiite,B 
uneized bibulous paper in the liquid. Dry them away from light and ' 
air. WTieii used they must bo sheltered and shaded from sunlight and 
rain. Acted upon by ozone, the paper wJU be changed from white to 
violet. To bring out the color fully, dip the test paper into water at the^^ 
end of the experiment, and compare the shade with the color scale pra^^^l 
pared for the purpose. j^^^ 

2. (Fremy's). Soak white bibulous paper in an alcoholic solution <^^H 
guaiacum, and dry in the dark. Exposed to an ozonized atmospher^^^J 
the paper will acquire a blue color. ^^| 

3, Moisten a strip of white bibnloua paper in a solution of pyn>K^^I 
gallic acid; when exposed to an ozonized atmosphere, it is rapidly dark* 
ened. Negative test. Ozone is present in the air when Condy'a fluid, 
dQuted with distilled water and exposed to it, does not change color. 

A paper on the " Atmospheric Ozone, and the Best Methods for its 
Observation," by A. W. Nicholson, M, D,, published in the Michigan 

State Board of Health Report for 1880, contains the following practical 

observations: ^^M 

" The principal experiments conducted by myself have been to d«^^| 
termine the presence of ozone in dwellings, and the probable iufluencew^| 
affecting such test; to determine the relative amount of ozone in pine 
forests, compared with observations taken in the open country; to ascer- 
tain the relative amount of the same element by experiments conducted 
in the smoky atmosphere in proximity to a large number of " pits " for 
the manufacture of charcoal; to estimate the amount of ozone existing 
over swamps; and to compare the amount of the same by the exposure 
of tests at the differing elevations of four feet and fourteen feet from the 
ground. Experiments were also made with regard to the influence of 
decomposing animal excreta upon the test, compared with testa made 
one hundred feet distant from the first, or from any such element of 
contamination. Observations also were made to determine the effect of 
excess of humidity upon the test; and, lastly, to determine the differ- 
ence in the quantity of active oxygen present in the atmosphere of & 
malarious region with that of an atmosphere in a non-malarious region,. I 
the same test being employed in both localities, and the observationft I 
being taken at the same hours of the day, 

"Many of these observations maybe but repetitions of those made byi 
other observers, but the information already obtained is only sufficient J 
to act as an incentive to other investigators to continue their labors in. I 
this direction. If there is no veritable connection between the varying I 
proportions of ozone or active oxygen and health or disease, inquiry £ 
should be continued until the proof of this fact is substantiated. If J 
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there is a relation, though alight, the solution of the problem is worthy 
of the most untiring etudy. 

" In experimenting to determine the proportion in the atmosphere of 
oxidizing elements bearing a relation to health and disease, it does not 
seem necessary to employ a teat that will verify only the exiatence of a 
single factor like that of ozone. Oxygen in a state of activity, whether 
generated by electrical or other influences, frohi oxygen in a nascent 
condition, or from products that easily liberate oxygen in a atate of 
activity, like the essential oils, peroxide of hydrogen, or resinous com- 
poaads, is the desired factor to be searched after by the sanitarian and 
etiologist. If the test detects compounds that in themselves produce a 
coloration of the test paper, it appears equivalent to a determination of 
an eqnal amount of active oxygen, 

" la ozone to be discovered as existing in dwellings ? 

" Max von Pettenkofer. of Munich, in an article in the Conlemporary 
Review, entitled, 'The Hygienic Influence of Plants, ' makes the fol- 
lowing assertion in regard to I ho relation of ozone to the appearance or 
disappearance of disease: ■ But one fact which was observed from the 
first shows that it cannot be so; for the presence of ozone can never be 
detected in our dwellings, not even in the cleanest and best ventilated. 
Now, as it is a fact that we spend the greater part of our lives in our 
houses, and are better than it we lived in the open air, the hygienic value 
fit ozone does notaeem so very great.' 

"Such a declaration, preceding from such an influential origin, 
would, if erroneous, lead to many false deductiona. That it is incorrect, 
the succeeding exhibit of the results of observations taken by himself, 
appears to prove. The observations were made with Schonbein's test, 
moistened before exposure. The apartment where the experiments were 
made was well constructed, and a free circulation from the external air 
permitted, when there was the greatest coloration, allowing motion to 
the air and access of moisture. Wliei'e least coloration occurred every 
avenue to the external air was closed as much as posaible. 

EXHIBIT A. 



DATS. 


,™,.^o„„.™^ 


»^..o„„.™„ 


Reuabeb. 


law. 


Might. 


tor. 


NlKbl, 


D«r. 


June 10.. 
•• 11.. 
" 13.. 
'■ 13.. 
■• 14.. 


6" 

1 


1 
1 

la 

1 


■3" 
3.5 
3.5 
8.6 


3,3 

8 

8 

8 

8 


All numbers correapontl to 
acale of 10 degrees of 
coloration. 

Strong wind. 


Average.. 


1 


l.S 


3.9 


8.1 





[ OF THE ATHOSPHEBE. 

" During the winter, in a north room of my own dwelling, whero an 
effort waa made to exclude the factor of ventilation, a. coloration of three 
degrees was obtained. The temperature of the room waa fifteen degrees 
Fahr, . and a strong wind was blowing from the north. Externally a 
coloration of nine degrees was obtained. At the same time, in another 
north room of the same houge, where the temperature amounted to 
aeventy degrees Fahr.,' a distinct trace was discernible. At another 
time, when the externa! air waa quiet, there was obtained one degree of 
coloration in the first room., where the temperature was forty- five degrees 
Fahr., and in the second room no coloration, with a temperature of 
seventy degrees Fahr. These results would suggest that a certain 
amount of motion of the air exceeding that usually existing in dwell- 
ings would be auxiliary to conditions producing a manifestation of the 
presence of ozone therein. Thai the excess of moisture eHernalli/ over 
that in the interior of dwellings is not a factor to be considered, seems 
proved by experiments made by the writer in regard to effects of 
moisture on the test as existing in dwellings. It was found that in 
rooms ventilated, when the external air waa not disturbed by the influ- 
ence of storms, the amount of moisture {absolute humidity) internally 
waa equal to the amount of moisture externally, and that there waa 
sometimes an excess of moisture in the interior of a dwelling over that 
the exterior, when the amount of ozoae was slight or entirely absent in 
dwelling. 

" It is probable that sunshine is a condition aiding the production of 
ozono in dwellings, as more ozone was present diiringthe day than night. 

" Prof. R. C. Kedzie sayst * Ozone is doubtless formed in every sun- 
lit room, and by its formation and destruction avast amount of mafertes 
morbi may be destroyed, and it is no satisfactory proof that it is of no 
worth or influence because no residual ozone remains to act upon our 
test-paper.' 

" Just what influence upon the test is that is produced bythe presence 
of carbon compounds, it is difficult to express. That its presence may 
modify the results of an experiment, to ascertain the amount of ozone 
present is possible. To determine if the presence of pure carbonic acid 
would decolorize a slip of test-paper, already colored by exposure, I 
subjected a moistened slip to an atmosphere of carbonic acid by collect- 
ing the same over a pneumatic trough. On the gas being washed by 
passage through water, the color upon the slip remained unaltered. On 
BUbiecting it to the influence of the gas as it escaped unwashed from the 
generator, a decolorization immediately occurred. This was found to 
be due to the presence of sulphurous acid. 

" Smoke is an element that will decolorize a slip of the test-paper 
already charged with liberated iodine. It is probable that the volume of 
smoke that usually, though imperceptibly, escapes from the stove, con- 
tains some property, perhaps that of sulphurous acid, that causes a change 
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in the iodine as rapidly as it is liberated, resulting in the formation of a 
cvtoriess iodate. To demonstrate the eifect oE gases, or smoke, gen- 
erated by tUe stove, I introduced a glass tube tlirough an opening of the 
stove into the midst of burning coals, and into the outer eitremity of 
the tnbe I placed some of the test-paper already colored by the action 
of Dzoue. The result was a marked loss of the color on the paper. That 
this was not due to the action of increased temperature was proved by 
exposing a similar paper to the action of the same temperature at other 
points. 

" Although it is apparent that the amount of ozone in dwellings is 
actually less than that in the external air, it is also true that there exist 
agents that at present prevent an accurate estimate from being obtained 
by SchSnbein's test. That active oxygen bears to organic life — to 
physiological and pathological conditions — some essential relation, is 
ft proposition yet open for discussiou. To declare that its presence in 
dwellings is not proved is apparently an error. Even were it absent from 
dwellings, that circumstance could not prove its non-relation to health 
or disease. Without endeavoring to court discussion upon this import- 
ant subject, it seems plausible to the writer that no oxygen enters the 
blood in ony other state than as active oxygen. It may be that the large 
area of the alkaline pulmonary secreting surface, subject to the results 
of continuous evaporation, is in a condition to eSect a generation of suf- 
ficient active oxygen to supply the blood with that which it requires. 
The excess in the external atmosphere may be of importance to the indi- 
vidual when a decrease in the external temperature intuitively directs 
him to take less deep inspirations than the warmer and drier atmosphere 
of the dwelling demanded, thus rendering the labor of the lungs less in 
supplying a given quantity of oxygen to the blood. If it should be ob- 
jected that the ratio of active oxygen necessary to sustain the physiolog- 
ical requirements of the blood is not constant, 1 would inquire if the 
ratios of most meteorological conditions are constant. 

" During portions of the months of March and April, 1878, while the 
ground was frozen, and part of the time overspread with snow, I secured 
a record of observations of the amount of ozone in a small pine forest, 
about eight miles distant from my usual point of observation. The fol- 
lowing exhibit represents the comparative amount existing at both places 
at the same time. 

" It is generally believed that ozone, or that product nearly identical 
in its nature, the peroxide of hydrogen, exists in excess amidst coniferous 
vegetation over that found in most other regions, but the above exhibit 
presents results contrary to that which ought to be expected to exist. 
This difference is, no doubt, in a great degree due to the time of year 
being when there was the least development of vegetable products, to the 
more confined circulation of the air, and perhaps to excess of humidity. 
The ground was low. 
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EXmBIT B. 





PiKK FORXST. [ 


Opkn Couxtrt. 




PzKK Forest. 


Open Coustrt. 


Date. 










Date. 
1878. 










1878. 




















Night. 


Day. 


Night. 


Day. 




Night. 


Day. 


Night. 


Day. 


March 4. . . . 


6 


5 


8 


4 


March 20 


4 


5 


5 


3 


** 5. . . . 


6 


5 


6 


4 


" 21.... 


5 


4 


4 


4 


" 6. . . . 


6 


5 


4 


5 


** 22.... 


5 


4 


8 


5 


7.... 


6 


5 


10 


8 


" 23.,.. 


5 


5 


5 


5 


o. . . . 


4 


4 


8 


7 


" 24.... 


4 


6 


4 


6 


V • ■ . • 


5 


4 


5 


4 


" 25.... 


5 


5 


5 


5 


'• 10.... 


5 


5 


8 


4 


" 26.... 


5 


5 


5 


5 


'' 11.... 


5 


5 


6 


8 


" 27. . . . 


4 


4 


8 


5 


*' 12.... 


5 


5 


10 


9 


** 28... 


4 


4 


9 


8 


^' 18.... 


6 


5 


10 


9 


" 29..,. 


4 


5 


8 


4 


^' 14.... 


4 


5 


8 


9 


" 80.... 


5 


5 


4 


4 


** 15«..., 


2 


4 


1 


4 


" 81.... 


5 


5 


9 


8 


^* 16.... 


5 


5 


10 


8 


April 1.... 


5 


6 




7 


'• 17.... 


5 


5 


9 


10 


** 2 


5 


4 


5 


3 


" 18.... 


4 


5 


9 


8 


V. ... 


4 


8 


4 


3 


*• 19..., 


6 


5 


8 


7 












Average 


4.80 


4.70 


6.93 


6.90 



" During the preceding summer, in the months of August and Sep- 
tember^ I secured the results of observations taken in the same pine 
forest^ as represented in the following exhibit: 



EXHIBIT C. 



Date. 

1877 



Aug. 26 

•' 27 

*' 28 

" 29 

" 80 

*• 81 

43ept. 1 

'• 2 

" 8 

^ • • • • 

*' 5 

** 6 

" 7 

" 8 

" 10..... 



PiMB Forest. 


Opek Ooumtrt. 


Night. 


Day. 


Night. 


Day. 


8 


4 


1 


4 


4 


8 


8 


4 





1 





1 


3 


4 


2 


8 


1 


8 


1 


2 


4 


2 


3 


4 


4 


4 


4 


3 


1 


4 


. a 


8 


3 


8 


8 


4 


3 


4 


8 


4 


2 


8 


2 


3 


8 


3 


8 


4 


1 


4 


1 


4 


1 


3 


1 


8 


1 


4 


1 


4 


8 


1 


3 


3 



Date 






1877. 








Night. 


Day. 


Sept. 11 





1 


4 


» 12 


2 


8 




lo* , . . 





8 




* 14 





4 




* 15 


3 


8 




* 16. . . . 


2 


8 




' 17 


4 


4 




' 18 


8 


4 




* 19 


8 


4 




* 20 


1 


8 




' 21 


1 


4 




' 22 


2 


3 




* 23 


3 


4 




• 24 


3 


2 




* 25 


1 


2 


Avi 


Brage 


2.09 


8.13 



PiVE Forest. 



Opeit Codvtrt. 



Night. 



1 
8 


2 
2 
8 
1 
2 
1 
1 

1 
3 
2 



1.80 



Day. 



2 
3 
2 
8 
8 
8 
4 
4 
4 
2 
8 
3 
8 
3 
8 



2.16 



1 Frost on night ozonoscope. 

Note.— Night observations, from 9 p.m. to 7 A.M.; day observations, from 7 
A.1L to 2 P.M. 
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" In the above exhibit we find a considerable difference in the two 
STerages of night ozone, that found in the pine forest being in exoesa. 
The variation in the amount of ozone ascerUunable during the day was 
alight. Were a sanitarium to be esCabliahed in the vicinity of a pine 
forest for the sake of the salubrity of its immediate atmosphere, it would 
appear expedient to consider other elements liable to aSect the health 
than ozone alone. 



EXHIBIT D. 





a,^,™. 


Oi™ CotwntT 


Vsw- 


Can. Pre.. 


Otta Vammn. 


IBTT. 


NIghV 


Dr. 


NiBbt. 


DV. 


Nigbl. 


^' 


NighL 


D.T, 


'Vf- i;::::: 

" 8 

" 4 

•■ n 

" s 

" 7 

■■ 8 

*■ « 

" 10 

" 11 






a 



1 

4 
3 
3 
S 
3 





Aug. 12 

■• 13 

'• 14.... 

" 15 

•■ 16 

■• 17 

" 18 

" 19 

■' 20. ... 
" 21 


S 
2 


8 

S 
S 






Average 


1.38 


B.O0 


2.71 


3,57 



" Exhibit D records the resuUa of observations taken in the borders of 
a pine forest, but in close proximity to coal-pits, as compared with thoae 
taken at a distance and free from any known canse of local disturbance 
to the test. The heavy night air at the pita was surcharged with smoke 
that during the daytime was less concentrated. The results of the ob- 
servations at this point were, at night, almost negative, although re- 
corded as one degree of coloration whenever a trace was discernible. 
The negative results obtained here are accounted for by the presence of 
the discolorizing carbonaceous elements of the atmosphere associated 
with the element of excess of humidity. It does not seem unreasonable 
to conclude that the quantity of ozone present in an atmosphere subjected 
to the above-mentioned influences cannot be determined by the employ- 
ment of Schonbein's teat. 

" During the construction of these coal-pits, in the year preceding 
theee experiments, the amount of sickness at, and near to, them was 
very great. In a population amounting to one hundred and fifty, nearly 
one-fourth were simultaneoualy afflicted with fevers of a periodic type. 
Clay and porous soils were being overturned for the first time, and large 
belts of timber were being felled, opening avenues for swamps and 
ponds. The greatest prevalence of sickness was during the burning of 
«ome of the pits first constructed. The season during which the obser- 
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yations were taken was marked by a diminution in the number of cases 
of f eyer. 

'^Another month's observations^ taken at the same place, gave results 
almost identical to those above given. 

^^ The following exhibit represents the comparative amount of ozone 
existing over a swamp two miles from the point where the observations 
were t^en with which they are compared. They were also taken simul- 
taneously with those observations relating to the quantity of ozone ex- 
isting in a pine forest. 



EXHIBIT R 



Datb. 

4 CMW 


OvKR Swamp. 


Ponrr frxe from 

BUOH IMFLUKNOBS. 


Datk. 

1877. 


OvKR Swamp. 


Ponrr frbb from 

8UOH INFLCKNOXS. 


1877. 


Night. 


Day. 


Night. 


Day. 


Night. 


Day. 


1 
8 
1 
2 
2 
2 
8 
1 

... 
5 
4 


1.92 


Night 


Day. 


Aug. 26 

" 27 

" 28 

" 29 

" 80 

" 31 

Sept. 1 

. ** 2 

T « 8 

, - 4 

" 5 

** 6 

- 8 
*« 9 













2 
2 

1 
8 
1 
5 
1 

1 
8 
1 
1 
1 
3 
5 


1 
8 

2 
1 
8 
4 
8 
8 
8 
2 
8 
1 
1 
1 


1 
4 

4 

1 

8 

2 

4 

8 

8 

4 

4 

8 

4 

4 

8 

4 


Sept. 10 
•* 11 
" 12 
" 18 
" 14 
«* 15 
" 16 

" 18 
" 19 
" 20 
" 21 
" 22 







2 
1 



• • • • 






8 

1 
8 


2 
2 
8 
1 
2 
1 
1 




8 
2 
8 
2 
8 
8 
8 
4 
4 
4 
2 
8 
8 


Av'ge, 


0.44 


1.78 


3.17 



" In the above exhibit a great difference is seen to exist between the 
averages of the two points of observation. 

" Whether this difference is due to the emission of gases destructive 
to a large portion of the atmospheric ozone naturally present, or whether 
the same interferes with a deposition of liberated iodine, or whether 
the apparent absence is due to an excess of moisture sufficient to decol- 
orize the paper, are inquiries that can only be determined by experi- 
mentation. The excess of humidity naturally present at such a point 
appears to offer some explanation. 

*' The experiments over the swamps were made by suspended slips of 
test-paper about three feet above the soil. They were exposed to a free 
circulation of the air, but protected from the sunlight. During the 
time these observations were being taken the several families residing 
near the swamp suffered more or less from frequent attacks of periodic 

fever. 

*' With a view to ascertain the comparative results of observations for 
the presence of ozone as it existed at two different points of elevation,. 
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fifty-four obserrationB were conducted at the elevations of four and four- 
teen feet from the ground. 

" The following exhibit contains the result of these observations : 
EXHIBIT F. 
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Rain all day. 
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iiain in night. 






4 


8 
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5 


8 


5 


Rain all day. 
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5 


6 
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3.5 
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3.5 


S 


3.5 


[tain m night, paper lost color. 












Fair. 






3 




S 


Fair. H 




3.5 




8.6 




Pair. dH 






4 


3.5 


4 


^M 


Average. 


4.53 


S.07 


6.50 


5.30 


1 



" These obsen-ations do not demonstrate that actually a greater quan- 
tity of ozone was present in the lower stratum of the air than in the 
upper. The variation of the degree of moisture at the two points may 
lead to an explanation; yet the excess of ozone at the lower plane seemed 
to correspond with the presence of aqueous precipitation and a conse- 
quent pulverization of tlie rain-drops. This might have led to the 
generation of ozone by increase of electrical influences, as spoken of by 
Fox in his work on ' ozone. ' 

"At the suggestion of Dr. Baker, I directed my attention to the 
relative quantity of ozone existing near decomposing animal excreta aa 
compared with that found one hundred feet distant from any such con- 
taminating inSnence. 



" 




EXHIBIT O. 
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THE COMPOSITION OF THE ATMOSPHERE. 



*^ Both ozonoscopes were suspended at a distance of six feet from the 
ground^ and both were subjected to the influence of the same degree of 
atmospheric humidity. It is therefore probable that the variation in the 
degree of coloration was due to the exposure of one ozonoscope to the 
influence of rapidly oxidizing effete material. 

^' In considering the influences existing that might have occasioned an 
error in the results of the observations recorded in the foregoing exhib- 
its^ none is more apparent than that of excess of moisture. Some atmo- 
spheric conditions associated with twenty observations where there 
was a total absence of coloration are shown in the succeeding exhibit: 









EXHIBIT 


H. 


No. of Case. 


Lowest 
Tempera- 
ture. 


Velocity of 

WInd-foiles 

per Hour. 


Relative 
Humidity. 


Remarlrii. 


1 


44 
87 
84 
82 
82 
82 
82 
25 
41 
45 
44 
57 
44 
44 
44 
59 
46 
49 
25 
57 


2 
2 
2 
2 
2 
2 
2 
2 
2 
12 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


75 

96.6 

96.6 

96.6 

96.6 

96.6 

96.6 

100 
96.6 

100 

100 

100 
85 

100 

100 

100 
96.6 
96.6 

100 
96.6 


Few clouds. 


2 


Cloudy. Frost on test-paper. 
Frost. 


8 


4 


Slightly cloudy. 

Slighty cloudy. 

Slightly cloudy. 

Slightly cloudy. 

Slightly cloudy. 

Slightly cloudy. 

75 per cent of clouds. Heavy dew. 

Heavy dew. 

Smoky — 75 per cent of clouds. 

Heavy dew. 

Heavy dew. No clouds. 

Heavy dew. 

Heavy fog — 50 per cent clouds. 

Heavy fog— 75 per cent clouds. 

Heavy dew. No clouds. 

Frost. No clouds. 

90 per cent clouds. 


6 


6 

7 


8 


9 


10 

11 


13 


18 


14 


15 


xo •••..■* * 
17 


18 


19 



" The above cases represent nearly all those of complete obliteration 
of color occurring during a period of three years. These all occurred 
during the night observation. With each case there was neariy, or 
quite, a complete saturation of the atmosphere with moisture. 

"In one hundred and forty-three observations taken by myself to 
determine the relative value of Schonbein's test when exposed to the air 
dry, and when exposed after having been previously moistened, I dis- 
covered an excess of coloration in the dry slip over that of the wet slip 
forty times, the largest excess being five degrees of coloration. During 
these forty instances the sky was covered with one hundred per cent of 
clouds. In only six instances in the whole number of observations was 
the wet slip colored in excess of the dry when there was one hundred per 
cent of clouds. When there was less than seventy-five per cent of clouds 
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the mointened slip was more greatly colored than the dry, While I at 
one time thought it possible that some electricitl phenomena might be a 
cause of the ozonoBCOpic eouditiona just mentioned, I am now disposed 
to believe the cause to bear relation more to hygrometric states iuflu- 
enced by the varying per cent of clouds. A drt/ slip is exposed to the 
influences of these conditions, and a gradual deposition of the moisture 
upon the same aids rather than retards the coloration. But when a 
moiftened slip is eiposed to the influences of these conditions of the at- 
mosphere, it is liable to become blanched as fast as the iodine is depos- 
ited, Cornelius B. Fox says: ' If the iodide of starch he so slightly 
soluble in water, how does it liappen that these tests often and rapidly 
become, when they are wet, completely blanched ? If a deeply tinted 
Negretti's test be cut into small portions aud placed in a little distilled 
water, some difficulty will be experieuced In rendering the fragments 
colorless. Many hours, and perhaps a day or two, will elapse before all 
color is removed from them. If, on the other hand, a colored Negretti's 
test be kept in a moist condition with distilled water, conducted to it 
by a fine thread of lamp-wick or daming-cotton, the color will rapidly 
disappear. In the latter experiment the iodide of starch becomes vapor- 
ized from the test.' 

" It is thus proved that in more than one-fourth of the cases where 
observations are taken with Schonbein's test, providing the same propor- 
tion of days all cloudy existed as above illustrated, the dry slip will ex- 
hibit the greatest coloration, and in the remaining cases the deepest tint 
would be exhibited by means of the wet slip. 

"'Through the kindness of a friend residing in Litchfleld County, of 
the state of Connecticut, I was enabled to secure results of ozonometrio 
observations among its non-malarious hills, during the summer of the 
year 1878. The record of these observations is presented in the follow- 
ing exhibit in comparison with the record of observations taken at thia 
point, where periodic fevers prevail: 

" The small quantity of ozone exhibited for the night in the record 
obtained from Connecticut impresses one with the belief that some atmo- 
spheric conditions existed that failed to testify to the actual amount of 
ozone present. Excessive moisture appears to have been one of these 
conditions, as reported by the observer to me. 

"As local conditions greatly affect the test for ozone, the observa- 
tiona that might be taken in other parts of this mountainous country 
might present results more in unison with the popular belief that active 
oxygen exists in greatest quantities amidst the mountains. 

" As 8])0ken of, the velocity of the wind, if it is great, and the air is 
saturated with moisture, will occasion a decolorization of the test-paper 
unless protected from its influence. But if a test-paper be exposed to 
the free action of the wind when the air is not saturated with moisture. 



hh 
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THE COMPOSITION OF THE ATMOSPHERE. 



EXHIBIT L 





LiCBTFIBLD 






LicHTFiELD County, 






County, State 


OnSYILLB, 




State of Connec- 


OnSYILLE, 


Date, 


OP CONNEOnCOT 


Michigan. 


Date, 


ticut. 


Michigan. 


1878. 






1878. 








Night. 


Day. 


NifiTht. 


Day. 


Night. 


Day. 


Night. 


Day. 


Aug. 6 


4 


5 


3 


8 


Sept. 9 





2 


4 


2 


u 7 


4 


4 


8 


8 


" 10 





3 


2 


8 


" 8 


8 


3 


3 


4 


** 11 





4 


2 


2 


" 9 


4 


6 


8 


4 


" 12 


2 


8 


• • 


3 


" 10 


4 


4 


8 


4 


*' 18 


1 


3 


4 


4 


" 11 


8 


4 


1 


1 


*• 14 





2 


4 


1 


" 12 


3 


4 


♦0- 


8 


" 15 


2 


8 


1 


2 


" 13 


1 


8 


8 


8 


** 16 





2 


5 


8 


•• 14 





2 


4 


8 


.. 17 





3 


2 


8 


" 15 





8 


4 


8 


" 18 





8 


3 


8 


«• 16 


2 


8 


4 


8 


" 19 


• • 


8 


. • 


8 


•* 17 


2 


3 


1 


8 


" 20 


2 


2 


8 


4 


*• 18 


2 


4 


1 


8 


" 21 


1 


2 


3 


3 


•• 27 





3 


to 


8 


" 22 


2 


8 


1 


8 


•• 28 


1 


8 


8 


8 


" 23 





2 


8 


2 


•' 29 


1 


8 


4 


4 


" 24 





2 


8 


4 


•« 80 


1 


2 


1 


4 


** 25 


2 


3 


8 


8 


«* 81 





8 


8 


4 


'* 26 


1 


2 


4 


3 


Sept. 1 


8 


2 


8 


2 


" 27 


8 


2 


§1 


2 


»' 2 





2 


4 


8 


*' 28 


1 


8 


8 


3 


•' 8 





3 


4 


4 


•• 29 





8 


4 


2 


u 4 


2 


1 


8 


3 


" 80 





2 


4 


2 


" 5 


4 


1 


|0 
::0 


3 


Oct. 1 





2 


3 


1 


" 6 


2 


8 


8 


2 


2 


8 


4 


3 


" 7 





2 


4 


4 


8 


3 


8 


8 


2 


" 8 


1 


^ 


4 


2 












JL V 


Avr'ge 


1.88 


2.82 


2 77 


2.90 



* Heavy dew in morning. 

f Great amount of moisture in night. 



X Fog in morning. 
§ Frost in morning. 



a greater coloration will often occur than when protected from the action 
of the wind. 



COLORATION OF BOTH SIDES OF THE TEST-PAPER. 

^'Although Schonbein's test is considered the most reliable in use for 
the detection of ozone^ something yet remains to be done in order to 
render even this test perfect^ exclusive of the effects of such conditions 
as already have been mentioned. 

" In the manufacture of the test-paper I use, only one side of it is cov- 
ered with the preparation that by chemical alteration and change of color 
enables us to estimate the relative amount of ozone present. In this 
connection Dr. H. B. Baker remarks that ^some test-paper prepared 
in Germany, examined by me, seemed to be like Swedish filter-paper ; it 
was of loose texture, and on exposure was soon colored on both sides 
alike, but the degree of coloration was more uniform under varying con- 
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ditions than it is on the paper used by the observers in Michigan. The 
looue texture paper seemed to be exceedingly prone to talco on a color 
equalling from 3 to 4 on our eea]e, but did not seem to be as ready to 
show shades above or below thoee. On comparing it with our paper, it 
was found to fudo quicker after being moistened, and 1 came to believe 
that it was not bo accurate as is ours for the purpose of indicating the 
relative qualities of ozone in the atmosphere.' In examining the test- 
paper, after exposure, I have frequently found tJuit the side of the paper 
apon which there was none of the preparation, exhibited the greater 
coloration. To determine, if possible, the cause of this, I recorded in a 
(eries of observations, as shown in the following exhibit, the degrees of 
coloration that appeared upon both sides of the paper. In the first 
series the number of observations was 34. In 19 of these observations 
there was the deeper coloration on the side not having the preparation 
on it. The same degree of coloration occurred upon both side at once 
in 13 instances. There was a deeper coloration on the side containing 
the compound of starch and iodide of potassium, twice. 

"Assistant Professor F, S. Kedzie, of the Agricultural College, at 
Lansing, Mich., suggests that these conditions may appear from the ex- 
istence of a thin film, or tough pellicle, sometimes formed over the 
starch compound, thus preventing the access and ready action of ozone 
in setting free the iodine ; the degree of coloration varying according to 
the condition of the surface of the teat-paper, and according to certain 
conditions of atmospheric humidity existing at the time of the exposure 
of the test. 

'• It is probably true that varying conditions of moisture have a 
marked influence with other influences producing the results referred to. 

" In sixteen of the nineteen instances where there was a deeper tint 
on the back of "the paper, the relative humidity was less than ninety per 
cent, ranging from fifty-three per cent upwards. In three instances 
where there was the deeper tint upon the back, the relative humidity ex- 
ceeded ninety per cent. In only one instance did the relative humidity 
mount to one hundred per cent. In only three instances out of the fif- 
teen when the front had a coloration erjual to that upon the back of the 
test-paper, or a greater coloration, the relative humidity was less than 
ninety per cent. In twelve instances when the coloration upon the front 
was eqnal.to, or greater than that upon the back, the relative humidity 
exceeded ninety per cent. In seven of the fifteen instances when the 
degree of coloration on the front was equal to, or greater than, that upon 
theback, the relative humidity was one hundred per cent. This would 
seem to prove that conditions of moisture have a decided influence ni 
afTecting the phenomena in question. 

•' After an exposure of the test-paper for a time sufficient to produce a 
coloration, if there is a deeper tint upon the back than on the front side, 
a removal of a thin portion of the starch from the front will not disclose 
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EXHIBIT K. 

First Series of Observations on the Influence of Relative Humidity upon the^ 
Coloration by Ozone of Both Sides of the Test-Paper. 
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"W.8 






• • • • 
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• • • • 
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• • • • 
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2 
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• • • • 
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8.5 
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8 
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• • • • 
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• • • • 


87.1 




2 


2 


98.2 
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• • • • 
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92.8 
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• • • • 
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8.5 


86.6 




• • • 


• • • • 


86.6 




2.5 


8.5 


98.1 




• • • 


• • • • 


93.1 
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8.5 


71.0 






• • • • 


71.0 




8.5 


8.5 


100.0 






100.0 


• • • • 
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8 


94.4 
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• • • • 
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100.0 


• • • • 
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2.5 


95.0 
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• • • • 




8 
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85.8 






• • • • 


85.8 
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80.5 






80.5 


• • • • 
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2.5 


69.4 






• • • • 


69.4 




2.5 


2.5 


100.0 






100.0 


• • • • 


Total. ... 


85.5 


102.5 


2986.1 


189.8 


1280.8 


1566.0 


Averages. 


2.51 


8.01 


87.8 


94.7 


94.7 


82.4 



as deep a tint as there is upon the baok, nor will as marked a coloration 
appear in front until all the starch is removed, when both sides of tho 
paper exhibit the same degree of discoloration. 

" The paper which is used in preparing the test readily absorbs a por- 
tion of the solution of iodide of potassium contained in the starch com- 
pound, and on exposure to oxidizing elements exhibits chemical change 
as well as the prepared starch. The difference in the texture of the 
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paper itself from the texture ot the starch compound would suggest the 
existence, in the paper and compound, of differing qualities for the ab- 
sorption of moisture. 

■■ An average degree of moisture seems to be a condition rendering 
the paper saturated with a solution of iodide of potassium in starch- 
vater u more delicate test than the starch and iotiidc of potassium test. 
Where pjcfs.' of moisture obtains, the starch and iodide of potassium 
teat appears to be the most reliable. 

" The preceding exhibit does not contain an extensive aeries of obser- 
rations »a we would wish to have in order to establigh conclusive evidence, 
bat was Jill we had at the time of writing the foregoing. Since that 
time additional observations have been made, and the results are shown 
in the following exhibit (L). 

"In the following exhibit (L), the statement of the relative humidity 
is made for the time when the test-paper was put out for exposure. In. 
nearly all the cases where there was Uss coloration on the back of the 
puffer than on the front, and a relative humidity of leng than ninety per 
cent at the time the test-pajier was put out, the relative humidity was 
over ninety per cent when the paper was compared with the scale, show- 
ing that there was an increase of moisture aftfir the paper was first ex- 
posed. 

" When the back of the paper was the moat deeply colored, and on its 
first exposure the relative humidity was more than ninety per cent (an- 
other exception to the general rule), there was almost always a consider- 
able decrease in the relative humidity. 



SrOOESTIOSS FOE IMPBOVED METHODS OF OBSERVATrOSS. 

" Negative results obtained by the exposure of Schonbein's test-paper 
in dwellings seem to be due as much to elements affecting the lil)erated 
iodine as to absence of ozone. This test, then, seems to be of little usa 
in determining the presence of ozone in dwellings. 

" Valuable as are the general results of ozouometric observations, it ia 
obvious that many of them are clouded with error. How to remove these 
errors is a subject important to all those interested in the study of 
oaonometry as to its meteorological, physiological, or jiatlio logical rela- 
tions. Much study 13 yet necessary before the beat methods for accurately 
estimating the quantity of ozone present at any time in the atmosphere 
will be determined. In the use of Schonbein's test, in order to obtain 
the maximum results of an observation where it is nece^ary to guard 
against excess of moisture, the exposure of a dry and wet slip at the same 
time would appear to be a proper method to adopt; also to suspend them 
lit snch points as where the condensation of vapor would be least liable to 
occur. To make tJie period of time less for the exposure ot test-paper 
voatd be another means to obtain maximum results of an observation. 
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EXHIBIT L. 

Second Series of Observations on the Influence of Relative Humidity upon the 

Coloration by Ozone of Both Sides of the Test-paper. 
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94.4 


98.3 


82.2 


Av. of 
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8.08 


8.16 


89.2 


94.5 


94.1 


88.2 



" It is well known that by increased velocity of the wind more ozone 
may be carried to a given point than there would be if the velocity were 
less. To determine the quantity of ozone^ therefore, liable to affect the 
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health of an individual sabj'ected to the influence of rapid currents of air, 
it is desirable to expose the test-paper to the same current. But the lose 
of the liberated iodine, as a resiilt of such exposure, suggeeta that 
in order to obtain the deepest coloration the slip must be protected from 
too great velocity of the wind, especially when there is an excess of mois- 
ture iu the atmosphere." 

XiTKOGEN is a colorless gas without taste or amell, rather lighter than 
common air: its specific gravity being 0,972. It is slightly soluble in 
water, and distinguished by its apparent want of properties. It will 
neither support life nor combustion. A burning taper is instantly ex- 
tingnished in this gas, and an animal soon dies in it. not because the gas is 
injurious, bnt from the privation of oxygen. Yet it forms fonr-fiftha of 
the bulk of the atmosphere, and enters into the composition of all or- 
ganic bodies — not, however, always found in vegetable substances, 
though It is well known that no plant can attain maturity without the 
presence of matter containing nitrogen. But no animal body which poa- 
Eeseea motion is destitute of it. It is an essential element of food for all 
the purposes of nntrition, and the chief ingredients of human blood con- 
tain nearly seventeen per cent of nitrogen. Yet it seems to take no other 
part in the functions of life than mere presence, the vital processes re- 
quiring this, however, for their healthy exercise. 

When the mysterious principle of life has ceased to exercise influence, 
nitrogen assumes a peculiar activity, and becomes a ])romotor of death 
and decay, by escaping from the elements which have held it in abeyance. 
Ita utility now becomes manifest. Nitrogen is emphatically the element 
of death hound up with the life of the organism of every living being. 
During life it is subject to the control of the vital forces, but no sooner 
does life cease than nitrogen acquires a strong affinity with hydrogen, 
and combining with it forms a new compound — ammonia. Oxygen ia 
thereby disengaged, and a new set of affinities begins, converting what 
would otherwise be a state of rest into one of commotion and change. 
Fermentation is excited, decomposition and oxidation proceed uninter- 
mptedly to a complete transformation of organic matter back again into 
its original elements, 




CHAPTER IT. 

VAEIABLE CONSTITUENTS OF THE ATMOSPHEEE. 

AMMONIA, CARBONIC ACID, MOISTURE AND ELECTRICITY; AND' 

FLOATING MATTER IN THE AIR. 

XATUBE AND SOURCES OP AMMONIA — ^ABUNDANCB AND PROPERTIES 
— INDICATIONS — PUTREFACTION AND ITS RESULTS — TESTS; CAR- 
BONIC ACID: NATURE, SOURCES, PROPERTIES, DIFFUSION, DAN- 
GERS AND TESTS OF; MOISTURE: QUANTITY AND PROPORTION IN 
THE ATMOSPHERE AT TEMPERATURES — ABSOLUTE HUMIDITIES;. 
BLEGTRICITT; floating MATTER IN THE AIR. 

1. AMMONIA. 

Ammonia is a very light, colorless, gaseous compound, which con- 
sists of one equivalent of nitrogen and three equivalents of hydrogen. 
Its specific gravity or relative weight, when compared with hydrogen, 
the lightest of all gases, is 8.5, or a little more than half that of the 
weight of atmospheric air. It possesses a strong and pungent odor, fa- 
miliar in spirits of hartshorn, and is distinguished as the volatile alkali. 
It exists normally in the proportion of about three and a half volumea 
in every 10,000,000 of atmosphere. In other words, in ten million gal- 
lons of pure atmosphere, the amount of ammonia gas present is, on an 
average, not more than three and a half gallons; though it frequently 
exceeds this, and wherever it exists in excess it is suggestive of impure 
local conditions. 

Ammonia is exceedingly soluble in water, and cannot, therefore re- 
main long in excess in the atmosphere, especially in rainy places, as 
every shower of rain condenses it and conveys it to the surface of the 
earth. Hence, rain-water always contains more or less ammonia, and it 
is this which gives to rain-water the apparent sensation of softness gen- 
erally experienced in its use. 

In an address on ^^ Air as a Sanitary Agent," delivered to the Sani- 
tary Institute of Great Britain, at Glasgow, in September, 1883, by Dr. 
E. Angus Smith, the celebrated author of " Air and Bain," the follow- 
ing practical remarks are made in regard to ammonia: 

" When a room is shut up even for a day, unless the room be very 
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large indeed, there is always tliat peculiarity observed by sensitive per- 
sons to which would be given the name of closeness. Yet there are peo- 
ple who do not seem to observe this, und who spend their lives in rooms 
in which this closeness may be congtantly observed. I have ofton re- 
flected on this peculiar condition. Surely, if oxygen removed all impu- 
rities, these impurities ought to have been i-emoved, since the ox3-geii of 
the air is never absent from the rooms, escept to such a small extent that 
the estimation of the change ia extremely difficult. It we lift up a win- 
dow and allow the air to blow into the room so as to entirely replace the 
origioal air, we do not at all times attain efficient uerutiou. It takes but 
a few minutes, in a climate where there is considerable motion in the air, 
to renew the atmosphere of a room entirely; we may judge of this by 
making a trial upon a visible atmosphere, viz., one pretty well-filled with 
smoke. We see how rapidly with an open window every trace may 
be rnmovod from the furthest corner, and yet this new air is not suffi- 
cient to refresh the room, and closeness is the characteristio still com- 
plained of. It is the ctiatom in well-regulated houses not to renew merely 
the air, but to cause the air to blow through the house for a considerable 
time every day when the weather permits it. Knowing this for a long 
time, I wondered very much what was the reason. Surely, I said, there 
was vital air enough without the long-continued current. 

" Then the remarkable discovery of Schonbein came to my mind, as I 
suppose it ha« to the minds of many other chemists, and I thought it 
must be the ozone in the air that does the work, and as there is little 
ozone in a volume, the air requires many repetitions of bulk. There 
may be some truth in this still; but whether the air receives imperfect 
contact with the substances to be purified, whether the mechanical ac- 
tion of the current is necessary, or some other cause, it is certain that 
a continual current is necessary for perfect purification. Looking fur- 
ther at this subject, it occurred to me that really clean houses were pre- 
served in this condition by something more than currents of air gene- 
ntlly, and that good housewives resorted to the practical method of 
Tubbing by hand, and it seemed clear that no furniture could be preserved 
from that pecnliaf condition of mustiness in any house where the doors 
and windows must be frequently closed, unless the absolute removal of 
certain substances from the surface were resorted to. And what was 
this substance that required to be removed ? I suppose it to be one of 
organic origin. 

" If organic matter is everywhere, the presence of ammonia is every- 
where possible; aud if that matter is decomposing, ammonia is every- 
where. That is the general statement which this paper illustrates. It 
is now many years since it was observed by me that organic matter could 
he found on surfaces exposed to exhalations from human beings; but it 
is not till now that the full significance of the fact has shone on mu, 
and the practical results that may be drawn from it in hygiene and mete- 
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orology, These restiltB are that ammonia may be an index of decayoo" 
matter. The idea lias been naed partly and to a large extent — as illus- 
trated in my ' Air and Rain ; ' the facts now to be given enable ub to 
claim for it a still more important place. The application eeeme to fit 
well the conditions already examined; and by this means currents from 
foul places have been readily found. This does not ajiply to the aub- 
stancea which may be called germs, whether it be possible to see them or 
not, because they are not bodies which have passed into the ammoniacd 
stage, although some of them may be passing— those, for example, which 
are purely chemical and exert what we may call idiolylic action. 

"Ammonia must ever be one of the most interesting of chemical 
compounds. It comes from all living organisms, and is equally neces- 
sary to build them up. To do this, it must be wherever plants or ani- 
mals grow or decay. As it is volatile, some of it is launched into the 
air, on its escape from combination; and in the air it is always found. 
As it is soluble in water, it is found wherever we find water on the sur- 
face of the earth, or in the air, and probably in all natural waters, even 
the deepest and moat purified. As a part of the atmosphere it touches 
all substances, and can be found on many; it is in reality universally on 
the Burface of the earth in the presence of men and animals, perhaps at- 
tached more or less to all objects, but especially to all found within 
human habitations, and we might also add, with equal certainty, the 
habitations of all animals. 

" If you pick up a stone in the city, and wash off the matter on the 
surface, you will find the water to contain ammonia. If you wash a 
chair or a table, or anything in the room, yon will find ammonia in the 
washing; and if you wash your hands you will find the same; and your 
paper, your pen, your table cloth, and clothes all show ammonia; and 
even the glass cover to an ornament has retained some on its surface. 
You will find it not to be a permanent part of the glass, because you 
require only to wash with pure water once or twice, and then you will 
obtain tt washing which contains no ammonia; it is only superficial. 

" This ammonia on the surface is partly the result of the decomposi- 
tion, continually taking place, of organic matter adhering to everything 
in dwellings. The presence of organic matter is easily accounted for; 
but it is less easily detected than ammonia. It Is probable that the 
chief cause of the presence of ammonia on surfaces in houses and near 
habitations is the direct decomposition of organic matter on the spot. 
If BO, being more readily observed than organic matter itself, it may be 
taken as a test, and the amount will be a measure of the impurity. A 
room that has a einell indicating recent residence will, in a certain time, 
have its objects covered with organic matter, and this will be indicated 
by ammonia on the surface of objects. After some preliminary trials, 
seeing this remarkable constancy of comparative results and the beautiful 
gradations of amount, it occurred to me that the same substance must 
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be found on all Bubjecta around ub, whether in town or not. I there- 
fore went a mile from the outakirta of Manchester, and examined the 
objects on the way. Stones that not twenty hours before had been 
washed by rain ahowod ammouia. It is true that the rain of Manches- 
ter contains it aleo; but, considering that only a thin layer would be 
evaporated from these stones, it was remarkable that they indicated tbe 
exiftence of any. The surface of wood was examined; pailiugs, railings, 
branching of trees, grass (not very green at the time), all showed am- 
monia in no very small quantities. It seemed as if the whole visible 
surface around had ammonia. I went into the honsea and examined 
the surfaces in rooms empty and inhabited, tables, chairs, walls, plates, 
glasses, and drawing-room ornaments. A (Parian) porcelain statuette 
under a glass showed some ammonia; a candlestick of the same material 
(bat uncovered) showed much more. The back of a chair showed am- 
monia; when rubbed with a common duster, there was very little. It 
seemed clear that ammonia stuck to everything. 

"If, then, ammonia was everywhere, the conclusion seemed to be 
that it was not at all necessary to do as I had been doing, namely, wash 
the air so laboriously; it would be quite sufficient to suspend a piece of 
glass, and allow the ammonia to settle upon it. For this purpose small 
flasks were hnng in different parts of the laboratory, and examined 
ilaily. The flasks would hold about six ounces of liquid, but thoy were 
empty, and the outer surface was washed with pure water by means of 
a spray bottle; it was done rapidly, and not above twenty cub. centim. 
(two-thirds of an ounce) of water was used. This was tested for ammo- 
nia at once with the Nessler solution. The second washing, taken imme- 
diately, produced no appearance of ammonia. Ammonia could be 
observed after an hour and a half's exposure at any rate; but I do not 
know the shortest period. 

" To me it seemed perfectly clear that the character of closeness was 
connected with the existence of organic matter, and the organic matter 
with the ammonia. That ammonia should be found almost everywhere, 
but in small quantities, was not to be wondered at, considering the uni- 
versal presence of organic matter in the air and waters of the world. It 
was when considering these things, the effect of oxygen on this organic 
matter, that I came to the cnnclusion that a current of air either carried 
away the organic mutter with it, decomposing it and turning it into 
gases, or, if it were not poseible for oxygen alone to do this, it might 
happen that the oxygen destroyed those minute forms which have been 
shown to be concomitant with putrefaction and decay. . . . 

"Aa pntrefaction seems not to take place without the action of 
organisms, I had the idea that it might be arrested b^ an abundant use 
of air, and I had some belief that the oxidation took place very rapidly 
after pntrefaction. It was when examining this subject that I found it 
necessary to touch akn upon the question of nitration in water. When 
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nitrdgenons bodies decompose with an abundance of oxygen, the mtitM 
gen becomeB oxidized, and nitric acid is formed. I had long suspected 
the reverse also took place, and that when there was an esceaH of pntre- 
factive matter oxygen was absorbed, and even removed from the nitrate^ 
whilst free nitrogen was given off. Thi s process I was able to verify by 
carrying it into the lalioratory. It was clear then, and beyond all cavil, 
that rivers could purify themselves in time, and organic matter be thor- 
oughly removed. It was clear that organic substances, that germs of 
disease, that microbes, and the smallest organisms themselves were all 
«nbjected to this universal and unsparing attack of putrefaction and 
oxidation. 

" Putrefaction destroys organic matter without the influence of oxy- 
gen; it breaks up organic compounds, and destroys organisms. The 
evidence seems to indicate that it destroys those bodies that produce dis- 
ease, hut that in certain conditions it produces others. This is a point 
Dot to be enlarged upon without more knowledge, but it is evident that 
by putrefaction we get rid of an enormous amonut of oflenaive matter. 
Oxygen cannot enter under the surface of actively putrefying bodies; 
but wherever it is allowed to enter by the putrefaction being less active, 
an action begins which in time completes the destruction of the body. 
"VVe are not therefore to suppose that the germs of disease can resist all 
these efforts of nature to destroy noxious things, nor are we to suppose 
that an invisible germ can pass from stage to stage unaffected by the 
putrefaction of sewage and the action of air. We must believe, for the 
present, that it is not so. In water we see perfect putrefaction, nitrogen 
iteelf being lost. 

"In ordinary putrefaction sulphuretted hydrogen comes off in 
abundance, with much carbonic acid and some nitrogen. Oxygen 
resists this action, and if this action is applied iu a concentrated condi- 
tion a change takes place; nitrogen is evolved as the principal gas, 
and a decomposition of nitrogenous compounds takes place. Nitro- 
genous bodies are thus destroyed in one manner by their voluntary 
jjutrefaction, in another by oxidation. . . ■ 

" Putrefaction and oxidation are two well-known modes of destroy- 
ing organic bodies at ordinary temperatures. The second (oxidation) is 
not proved to be connected with organisms. How far, then, can oxida- 
tion, or a great supply of air, be employed to destroy putrefaction or to 
purify? 

" The bearing it has on the analysis of water will be clearly seen bj 
chemists. The bearing on the sewage question is also interesting. Sub^'fl 
stances and living things may be carried by the rapid sewage system 1 
into the range df a new activity before undergoing the putrefaction i 
which breaks them up in proximity to us or in the sewers them- 
selves. It seems to point to a plan of causing the destruction of organ- I 
isms by putrefaction and subsequent oxidation or chemical action. Ai I 
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least it seems to me that we rcqaire to learn if it be true that any of the 
germs of disease, or which germa of diseaae, will live in an abundance of 
good air. "We know that abundant dilution will render them all inef- 
fective. It is probable that there will be a difference amongat them in 
thig respect, whilst all will yield to the double action of, first, putrefac- 
tion, and then oxidation. . , 

" It has often been asked, what will become of those many poisonous 
emanations which arise from the human body in health, and from those 
Btill more dangerous snbstances which are generated within it during 
many of the multifarious diseases to which man is subjected. The germ 
theory of disease hafi caused alarm in'many directions, and it has been 
imagined that some little germ of disease passing into a sewer or pure 
river might carry with it power to infect other organisms to such an 
e)ctent that there was reason to fear for the lives of all the inhabitants 
on its banks. This extreme application of a theory might not be unrea- 
sonable were it not that we know from results that no such power exists 
in any of those germs known to ua. 

" Let us consider the number of polluted liquids which pass from the 
houses and hospitals of such a city as Glasgow, and the fact that so many 
of its inhabitants go down to the banks of the Firth, towards which the 
waters of the Clyde flow, and receive there health and strength for them- 
selves and their families, and we shall see how absurd the ideas have been 
concerning the power of individual germs, or even multitudes of germs in 
such sitnatious. . . . 

"It is remarkable how rapidly sewage enters into putrefaction; and 
to know the results of this putrefaction has been a considerable difficulty. 
The gases from sewers have been found to produce a peculiar form of 
fever, very well known to medical men in some of its stages, and appa- 
rently so definite that it may be considered as ranking with one of the 
chemical tests in its strictness. The gases which come from it are the 
results of the decomposition of organic matter, and the number of com- 
pounds into which the material of animals may be broken up is so varied 
that at present it may be said to be entirely beyond our ken. These 
compounds vary in character to such a degree that they may form the 
most innocent gases, the most wholesome food, or the most virulent 
[loisons, venomous substances that destroy entirely vital functions of the 
human body in a scarcely appreciable time. Some of these obnoxious 
bodies arise from the decomposition of sewage, and, as already said, seem 
to he formed at some particular proportion of the supply of air. 

" It is easy to see that it is a mistake to suppose that by sending 
putrefying liquids down to lands we are giving these lands all the sub- 
stance which the sewage originally contained. If we wish to use them as 
sewage it is better to use them before putrefaction, the loss by putre- 
faction being great. I suppose we can scarcely doubt that putrefaction 



takes place more rapidly when the organic matters are diluted to a t 
considerable extent with water. 

" Having made many experiments in order to find the condition of the 
air found lying over somewhat solid putrid substances compared with the 
same subatances very diluted with water, it was found that the greatest 
amount of ammonia and the most offensive odors were from the more 
solid. This is quite in accordance with the explanation given of the more 
complete disruption of tlie organic matter in water, and it was these 
experiments that led me first to think of driving the air through sewage 
matter in order to produce oxidation, expecting readily to form nitrates, 
and in the belief also that the excess of air would be offensive to the 
microzymes, although a small amount seemed necessary for their 
activity. . . . 

" The result of the aeration of sewages, and of other liquids containing 
organic matter to a similar extent, was, that in all cases putrefaction was 
delayed by aeration. The dissolved oxygen also recovers itself in the 
aerated specimens better than in the non-aerated. This shows that 
aeration not only prevented putrefaction, but prevented also the chemical 
action consequent upon it. It had, in fact, to a large e.ttent, and for a 
considerable time, rendered the organic matter inert, or nearly so. Ni- 
trates are formed also more readily in the aerated than in the non-aerated 
specimens. 

"It was in looking for nitrates and measuring the amount of am- 
monia in the aerated and non-aerated solutions that I observed how mnch 
the ammonia diminished in amount, and sometimes the air passing out 
from the water contained a strong smell of ammonia. The sewage was 
tossed abont, the volatile matter carried up with the currents of air, and 
had no opportunity of returning. Work of a similar kind has been done 
by Monsieur Lauth, which has been published in the Comptes Rendus, 
where the following is stated; 

" ' It is well known that to obtain the ammonia from sewage has been 
the aim of chemists for many years; and to make use of it in some form 
or other without extracting it, has been the study of many engineers. 
The amount of ammonia, as we have long known, is great in sewage, bat 
we have not known how to remove it. The amount, however great in 
bulk, is small indeed in proportion to the amount of water, being from 
four to seven grains, very often not more in a gallon of 70,000 grains. 
The loss of ammonia, when using the apparatus described, suggested at 
once a method of obtaining a revenue from sewage.' 

" The results obtained are far greater than those obtained by me, and 
the product increase of ammonia by putrefaction ie remarkably so. 

" If wo could only take one grain of ammonia out of one gallon sew- 
age we should have from 1,000,000 gallons 1,000,000 grains: 142.8 lbs., 
let us say 140 lbs. Let us suppose there are in Glasgow flowing from 
the sewers daily 50,000,000 gallons, and we should have 7,000 lbs. am- ■ 
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monia daily, this would give us in a year above 1,100 tons, which might 
be put down as eomewhere nearly £60,000." 

Such estimates as this serve to suggest the immense importance of 
ammonia in the life of the world. It is by ammonia that plants every- 
where are supplied with nitrogen — without which they cannot exist. 
They are supplied chiefly from the atmosphere by the rains, mists, and 
dews; and by manures of all kinds whose value is in proportion to the 
amount of ammonia they contain. 

The amount "of ammonia found in different waters is (in weight): 

Rain-wflter 0.0000008 

Freah water (reeervoira. etc.) 0000009 

Spring- wRter 0.0000001 

Sea-water, from one to two grainy for every cubic foot. Trifling as 
this quantity apjMsars to be, when we reflect that the ocean covers more 
ttmn three-quarters of the globe, and consider its enormous mass, it may 
be looked upon as the vast reservoir of ammonia whence the atmosphere 
can make good the losses which it is continually undergoing, 

M- Desfontains, a distinguished French engineer, some years ago 
estimated the amount of ammonia carried down to the sea by the Rhine. 
He computed that the Rhine at Lauterburg has. on the average, a flow of 
39,000 cubic feet of water a second. From a careful analysis of the water, 
in its passage by Lauterburg, it carries down with it every twenty-four 
hours at least 23,500 lbs. of ammonia— that is, 13,000,000 lbs. ayear. Tak- 
ing this estimate as a fair example of the amount of ammonia poured 
into the sea by the rivers of the world, in proportion to the volume of 
the water-flow severally, the mind fails to comprehend the magnitude of 
the amount of ammonia and the waste of agricultural wealth poured into 
the sea by the outfall of sewers. 

Minute traces of free ammonia or ammonium compounds may be de- 
tected: (1) by Nessler's solution — au alkaline solution of potassium- 
mercuric iodide.' When a few drops of this solution are added to a 
dilute solution containing ammonia or a salt of ammonium, a reddish- 
brown precipitate or corresponding color is at once produced. In thia 
way it is possible to detect jj^^ of a milligram of ammonium chloride 
dissolved in 50 c.c. of water. (3) By turning vegetable blues green, and 
vegetable yellows brown; but which soon regain their previous colors, 
especially on the application of heat. (3) By producing dense, white 

' ffessler Teat : SOOgrainsofiodideof potassium are dissolved in a small quantity 
of hot distilled water, and to this is gradually added a cold saturated aotution of 
mercuric chloride (corrosive sublimate), till the precipitate produced ceaaes to be 
dipaolved upon stirring. To render this alkaline, add 2,000 groins of hydrate of 
[mdymlniii and dilute the volume to 10,000 grain measures. A little more saturated 
■dUlon of mercuric chloride is added, and the whole allowed to settle, and the 
tiMi liquid decanted oS. The test should have a slightly yellowish tint. If color- 
lesi it is not sensitive, and more mercuric chloride must be added. 
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fnmes vhen brought in contact with the fnmea of hydrochloric acitf 
(4) If a saturated solution of arsenioua acid is mixed with a solution ( 
nitrate of silver (two per cent) a trace of ammonia causes the formation 
of argentic arsenite. (5) Bottger says an aqueous solution of carbolic 
acid ia a Tery delicate test; that, on adding to a liquid containing the 
smallest quantity of ammonia, or nmmoniacal salt, a few drops of this 
solution, and then a small quantity of a filtered solution of chloride of 
lime, the liquid becomes green, especially when warm. m 

2. CABBONIC ACID. ■ 

This gas is like oxygen and nitrogen in being devoid of color, but un- ■ 
like them in that it poasessea a slightly pungent odor and a perceptible 
sour taste. Moreover, it is not a simple substance, but, like ammonia, a 
compound, andcontains two elements: oxygen and carbon; and, like am- 
monia, also, in that it may exist invariable proportions in circnmscribed 
places. It is always produced when carbon in any form, or any compound 
of carbon, is burnt with a free supply of air; and is continually given off 
by man and the lower animals in the process of respiration. It is non- 
inflammable and irrespirable ; an animal immersed in it dies instantly. 
Even when greatly diluted with air, it cannot be inhaled for any length 
of time without insensibility following. An atmosphere containing more 
than its natural quantity (about four volumes in every ten thousand, or 
one part in every twenty-five hundred parts by measure), acts upon the 
system as a narcotic poison, hence the danger of overcrowded and un- 
ventilatcd rooms. It is a non-supporter of combustion, at once extin- 
guishing a lighted candle, gas-jet, or even a piece of burning phosphorus 
when these are placed in a jar of it. Water absorbs its own volume of 
carbonic gas, and by pressure may be made to take up enormous quan- 
tities, forming carbonated or aerated water. It is evolved in considera- 
ble quantities from clefts in the earth and caves ; and is particularly- 
abundant in the neighborhood of volcanoes. It is widely distributed in 
nature, both free and combined with various bases ; and is everywhere 
the food of plants. Without carbonic acid, vegetation cannot exist, and 
it is by the absorption of carbonic acid by plants that the equable pro- 
portion of it in the atmosphere is maintained. 

The weight of carbonic acid, as compared with the other gases of the 
atmosphere, is about one-half greater: specific gravity, 1.520. This fact 
suggests, at first thought, that carbonic acid ought always to be found 
in larger proportion at the surface of the earth and nearer the floors of 
unventilated buildings than the ceilings. But the truth ia, that although 
carbonic acid is the heaviest gaa of the atmosphere, it is quite as abun- 
dant in the air at the greatest elevation at which it has ever been exam- 
ined as it ia at the surface of the earth. This is due to the natural law 
of gases, called gaseous diffusion : That all gases tend to diffuse them- 
selves through each other. 
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The law of gaeeotia diSueion is promoted by the wind, but it will 
operate in a confined plactj ; insomuch that even in crowded roomB, 
especially if they are warm, carbonic acid ia frequently found more 
abundant at the ceiling than it ia at the floor. 

If certain liquida of different denaities be commingled, snchaa oil and 
water, they separate again immediately that they are left at rest. But 
gases of different densities, when brought together, immediately begin 
to intermix and thoroughly incorporate themselveB with one another, 
and they neyer separate when left at rest. 

In like manner all the gaseous aubstances of. and in the air, in con- 
fonaity to the law of gaseous diffuaiou, have a constant tendency to in- 
terfuse and incorporate themselves as a homogeneous mixture of uniform 
proportions over the whole aurfaee of the earth. Carbonic acid fails in 
itd conformity to thia law only where it is generated and restricted ; as 
in grottos, mines, wells, and crowded unveutilated houses and vessels. 
In such places it is liable to accumulate manifold its propoilion in the 
atmosphere, and to a fatal extent. 

Dr. R. Angus Smith has shown that in towns the oxygen in the at- 
mosphere is not leas than in country districts, and that carbonic acid 
is often slightly in excess. This is shown in the following table : 

IS MANCnESTEIt. 



In fogaud frost 309.000 

Outer circle, not raining. ...309.407 
Suburb in hot weather... . j t^H^ 



Streets 

Where fields begin. . 
Streets in fog 



IN LONDON. 



Open places, summer 20S.0D0 

StteeU, November 808.850 



Ou Thames. 
Parks, o]>eu. . 



M. Beiset obtained from a year's observations, at a station in the 
country far from dwellings, situated about four miles from Dieppe, an 
average of carbonic acid in the atmosphere of .2943 per 1,000. The air 
above a crop of red trefoil in the month of June gave .3898 per 1,000 ; 
and at a height of one foot from the soil in a barley-field in July, .2829 
per 1,000. The corresponding amounts at the country station being 
.2915 and .2933 per 1000 respectively. The presence of 300 sheep near 
the apparatus raised the proportion to .3178 per 1,000. At Paris in May, 
1873-75-79, the mean amount was .3027 per 1,000. In a leafy coppice the 
amount, however, was ,2997 volumes in 1,000 of the air, as against ,3902 
volumes in the open. This difference between the coppice and the open 
may bo due to the diminished quantity of light in the coppice. Messrs. 



i^M. 
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Mfintz and Anbin found in Paris, near the ConBervatoire des Arts et ' 
Metiers, at about twentj' feet above the ground, that the quantity of 
carbonic acid varied from .288 to .422, whilst in the open country extend- 
ing towards Orabelle, in the vicinity of Parie, the amount was nearly 
constant at .27 ; and on the Pic du Midi they found a variation of from. 
.28 to .30. 

It is evident that where people and animals gre assembled in great J 
numbers, and the various processes of combustion are being carried o 
of the indueni:e of vegetation, as in largo cities, there may be occasions^ I 
as in calm weather, wlien carbonic acid accumulates temporarily to an I 
inordinate extent. That it does not frequently, is due to the law of dif- J 
fusion, and the winds. 

According to the experiments on the dinmal variations of carbonia'J 
acid in the air by Sansaure, Truchot, and Armstrong, the following are 1 
the general conclusions 

1. That the normal amount of carbonic acid present in the air of the 1 
countrj- is distinctly less than that usually stated, and that it does not 1 
exceed .35 volumes in 1,000 of air. 

2. That plants absorb carbonic acid during the day, and exhale it at. I 
night, and that vegetation, therefore, affects the quantity of carbonio J 
acid present in the air, decreasing it by day and increasing it at night. 

That from this cause there is, during that part of the year when I 
vegetation is active, at least ten per cent more carbonic acid present ia J 
the air of the open country at night than during the day. 

In confined spaces, occupied by numerous persons, as before obserredi M 
carbonic acid accumulates in excess. It had been found in dormitorie^l 
public hulls, theatres, schoolrooms, etc., in various poisonous amountfrfl 
— from .45 to .73 per 1,000 volumes. 

As a test for carbonic acid in excess, nothing is better than lime- j 
water. This is readily made by pouring rain-water or distilled water 
into a bottle containing some lime just slaked, shaking the mixture Tell, 
and then allowing the lime to settle. The clear liquid contains a por- 
tion of the Umo in solution, and this may bo poured off into clean dark 
glass or covered bottles, and kept well stoppered for use. Exposure to 
air and light spoils it. Carbonic acid is absorbed by the lime, and the 
causticity of the lime is proportionally diminished; and moreover, on ex- 
posure of the lime-water to air containing an excess of carbonic acid, it 
speedily becomes almost milk-white. This is readily perceived by ex- 
posing a small quantity of the lime-water in a basin, or pouring it two 
or three times from one vessel iuto another in a room surcharged with the 
acid. By blowing into lime-water through a tube, or into a bottle of it, 
and shaking it a few times, it is also made white. This shows that the 
breath as it escapes from tbe lungs is loaded with carbonic acid, and unfit 
to breathe again until the excess of carbfinic acid is gotten rid of by 



ventilation. 



J 
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The moisture constantly circulating throngh the atmosphere is esti- 
mated to amount to the enormous quantity of 90,000 cubic miles of water 
jeasXy. This is raisoil by the sun'a rays in the state of vajior from the 
surface of the ocean, lakes, rivers, and earth; and expanding more and 
more as it rises, it is distributed by the winds, insomuch that the 
atmosphere is everywhere more or less steeped in moisture, which, after 
washing the air and becoming charged with the foods of plants and 
other emanations from the surface of the earth, returns again as the 
morning due or the refreshing rain, 

Moisture has a powerful affinity for organic matter in process of de- 
cay, which it tends to retard and diffuse, and by this means promotes 
the contamination of the atmosphere in the presence of such matter 
ererywhere. Hence in estimating the relations of atmospheric humidity, 
the conditions of the locality should always be considered. 

The amount of aqueous vapor retained in the atmosphere varies with 
the temperature, over the ocean and the land, the amount of vegetation, 
the altitude, geographical position, the seasons, etc. But at the same 
temperature and under the same pressure, the maximum quantity capa- 
ble of being mixed with the air is invariable. It is rarely less than 
j4s> or more than -^ of the volnme of the atmosphere, and gives a meau 
ratio of 0.84. 

TahU showing the Absolute Humidity of Weight of Vapor in Troy 
Grains, in a Cubic Foot of Saturated Air at (fie Stated Tem- 
peratures of Fahrenheit : 
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The hygrometric state of the atmosphere, for a given temperature. 
represents the relation between the quantity of a moisture really therein 
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existing, and the qunntitj which would exist if tlie atmosphere n 
orated at the same temperature. 

The amount of moisture retained by the atmosphere at different c 
greea of temperature is shown by the foregoing table from the Smithi 
uian reports, by Professor Guyot. 



4. ATMOSPHERIC ELECTBICITT. 

Atmospheric electricity, according to the moat recent inTestigationF, 
is produced — 

" 1. (In general) by the friction of the air, humid or dry, upon the 
surface of land or of water. 

" Everj^body knows Armatrong'a hydro-electric machine. We kn< 
that when the ateam issues from the heater, the latter remains negative! 
charged, while the vapor ia positively charged. This machine includes 
a box filled with water to cool the escape tubes. The steam before reach- 
ing the exhauat pipes experiences thua the commencement of condensa- 
tion, and issues mixed with air vesicles. It is a necessary conditien. J 

" According to the experiments of Faraday, the passage of dry vapor! 
or of a current of dry air does not produce electricity, while a curreotj 
of humid air gives the same result as Armstrong's machine, but to a lew J 
degree. I 

" It is true that Spring found, on the contrary, that the friction of.l 
dry air upon a ball of copper gives a little electricity; but in an incompaiw- 1 
ably less quantity than in the experiment of Faraday. On the other! 
band, numerous experiments have proved that the evaporation alone atm 
water, even acidulated, does not produce electricity. I 

" But in the evaporation produced by the wind, there is also f rictioiu 1 
It is in this last mechanical work that the looked-for source resides. I 

"The wind in skimming the surface of the water carries watery par~l 
ticlea from the crest of the waves, which play here the part of the comU 1 
of Armstrong's machine. The roughness of the soil plays the same part^ I 
when a damp wind passes over it. I 

" These moleculea of water remain electrified and aacend into the at- 1 
mosphere to form clouds, and aa electricity lies at the surface of bodies^ I 
it tenda to spread over the most elevated atmospheric surfaces, an4 1 
I think witli M. Faye that the cirri must retain a great portion of this. I 
electricity. 1 

"la there not a striking analogy between these laboratory experi- J 
ments mentioned above, and the immense operations of the nataraL J 
f orcea ? I 

"2. (In Storms) the above being granted, we can conceive that % 1 
cloud will be electrified if formed under the conditions above mentioned, 1 
(It wilt not be same aa a, cloud which is formed by simple vapor rising iiL J 
the morning into the atmosphere.) I 
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" But in order that lightning be produced, there muat be a discharge 
between the cloud and another point (earth or cloud) anch that the dif- 
ference of potential between the point and the cloud, existing at the 
moment considered, be sufficient to produce the lightning in question. 

"Now the distance at which the spark strikes depends on the electric 
presBure and on the mechanical resistance that the medium opposes to 
the discharge. This pressure varies with the square of the potential of 
the cloud, its form, its surface, the discbarge of the cloud, and its dis- 
tance from the point specified. 

*' Now, the potential energy of a cloud depends upon its form, its sur- 
face, and its temperature. AVhen the primitively electrified cloud expe- 
rienceB a transformation of any kind, condensation, congelation of the 
aqueous vesicles, etc., it absorbs a certain quantity of energy, which 
must be found again under the form of an augmentation of potential 
energy. 

"This consequence results from the principle of the conservation of 
energy, and from the principle of 31. Carnot, of which M. Lippman has 
taken such a remarkable advantage. 

■• If, then, we suppose that the charge of electricity of a cloud remains 
constant during a certain time, any condensation or decrease of tem- 
perature will augment the potential of its mass. 

" When a storm bursts, it is rarely without electric manifestations. 
The abundant condensation which may be remarked becomes the cause 
of the augmentation of the potential of the storm mass, and when thia 
potential is sufficient there ia a discharge in the form of lightning. Be- 
sides, the continual renewal of the charge indicates that the cause resides 
in the storm phenomenon itself. 

" 3. (In heat lightning) the air being dielectric, the vapor becomes 
the natural reser\-oir of electricity. Suppose a mass of vapor of water 
electrified in suspension in the atmosphere. In the evening when the 
sun disappears, there will be a cooling in the cloudy mass. For the 
leasona given above, its potential will be augmented. 

" Now if the potential reaches a certain figure, the vesicles, considered 
separately, could not retain their charge; that is to say, it will escape 
into the atmosphere in the form of silent discharges. Thus we may cal- 
culate that at the ordinary pressure a small sphere of -i*^ of a millimetre 
cannot retain electricity at the potential which we obtain with our good 
laboratory apparatus. 

'" Because of the smallness of the radii of these vesicles, it may be 
seen that a cloud cannot retain a charge at a potential surpassing a cer- 
tain figure. 

" Such ia the manner in which are produced the phenomena known 
nnder the name of heat lightening. As, for different observers, these 
flaahes appear at the horizon, it is logical to think that they are pro- 
linced at the zenith, and that they are not the reflection of the light- 
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ning from dietant stonuB. It is a similar phenomenon vhich tran^ 
spirea when a navigator sees a band of mist continually at the horizon, 
while the sky above his liead ii clear. It ia only a difference in thick- 
neaa of.the layers traversed by the visual rays.'" 

6. FLOATTNO HATTEB IN THE ATB. ■ 

With " floating matter in the air " all Bcientific readers have been • 
made more or less familiar by the experiments and publications of 
Pasteur, Bastian, Beale, Budd, and Tyndall. In relation with climate, 
it consists of vapors and gases, as well as minute particles of various 
kinds which continually arise from the surface of the earth and water, 
and commingles with the air, affecting its purity. 

The refuse and the remains of animals and plants which undergo the 
processes of decay or putrefaction under manifold circumstances, and 
the numerous substances which are burned in the air, all produce chem- 
ical compounds, which, being volatile or gaseous, ascend and are dif- 
fused in the atmosphere which is made a whirlpool of destruction to all 
fluch matter. Some of these substances, like ammonia, are perceptible 
to the smell, wliile others are altogether inappreciable by the senses. 
Liviug volcanoes belch forth destructive vapors over extensive regions. 
and thousands of chemical processes and operations, natural and artifi- 
cial, pour out their volatile exhalations to be caught up by the winds, 
and to be wafted more or less swiftly and extensively from their sources, 
mingled with the atmosphere, and destroyed. 

In and about uncleanly places and houses, where filthy substances 
are allowed to be scattered over the surfaces and soaked into the soil, 
or deposited in pits and cesspools from which an active ferynent is never 
absent, various gaseous emanations are constantly arising and com- 
mingling with the surrounding air, and not infrequently to a dangerous 
extent. For although the oxygen of the atmosphere, wherever it can gain 
access in conjunction with sunlight, is ever active in hastening the trans- 
formation of dead organic matter into its elementary constituents, when 
such matter is amassed, or so placed that the surface only is accessible to 
the air, oxidation is not only thereby prevented, but the process of putre- 
faction ia also retarded, and the emanations of foul gases which continae 
as long as the source of supply is kept up, frequently carry with them into 
the air particles of putrefying substances, often of a very dangerous 
character, identified with the spread of typhoid fever and other intestinal 



Moreover, wherever organic matter in process of decay exists in con- 
junction with darkness, moisture, and warmth, the air thereabouts 
swarms with myriads of living germs, for the most part so small as to be 

' M. O. LeGoarant de Tromelin, presented to the French Academy by M. Paye. 

Translated from Compter rendii». 
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invisible to the unaided eye, and so light as to be floated by the air, and 
consequently liable to be dravn into the lungs with every breath. While 
a large proportion of the genua in such places are doubtless scavengers — 
devourers of the putrefying matter — and hence always found in greatest 
abundance in filthy places, it is equally doubtless that a conBidenible 
proportion of them are very poisonous and dangerous to human life; 
these are disease germs, believed to be a common cause of infectious dis- 
eases. And these, together with the filthy particles npoii which they 
seem to exist, afloat in the sir, are not only liable to be taken into the 
lungs with the breath, but being wafted throughout all Buch premises, 
within as well as without the houses, stick to the waUs and furniture, 
settle Upon the table and cooking utensils, and into the food and drink, 
permeate the clothing, and attach to the person. Kence it is that the 
foat air of such places is not only in itself poisonous, perpetually lessen- 
ing the vital force of all who inhabit it, predisposing to blood -poisoning, 
but it creates a nidus for the propagation of disease germs, and becomes 
4 ?ent&ble hot-bed for infectious diseases of every sort. 
^JFevly allied to, if not indeed identical with, disease germs, and pcr- 
' ill^M more closely related to the subject of this work, are vegetable 
tporee, most commonly recognized in the form of mould or fungus, 
which, in fruiting, is frequently of a greenish or brown color. 

Vegetable mould or fungus, as it exists in the familiar example of 
mouldy cheese, is the same kind of a plant as mushrooms and toadstools, 
some of which grow very large. They may be seen, as every observer 
knows, in almost any meadow during damp, warm weather, amidst 
masses of refuse in process of decay, around banks of manure, and among 
the decaying leaves under the trees. A familiar example is the puff- 
ball, because, when dry, if broken, the mass of inflnltesimal spores puff 
oat like smoke. Every one of the little spores, which are so fine as to 
be no larger than the particles of smoke, is a seed. And of some of 
these plants the spores are so quick that a single one, if planted 
in a congenial place, will in one night produce a plant as large as the 
double fist. The number of spores which a single plant of that size will 
contain is so great that If it were possible to keep one man employed in 
counting them, it would require the continued occupation of one person 
day and night three hundred years to count the number. 

This example serves as well to illustrate the extreme smaUness of 
disease germs, known to be such, as of fungus spores. Indeed, therf is 
good reason to believe they are only diSerent species of the great divi- 
sion of plants to which they both belong. There are a great many kinds 
of fungi, and the aocda of one kind or another, and whole plants of 
numerous other kinds, are always floating in myriads in a dry atmosphere 
as if in search of congenial places to plant themselves. It is very ques- 
lionable whether ench spores can live for any considerable length of time 
in an abundance of pure air or pure water in motion; while it is beyond 
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question that when so exposed both germs and spores are wholly innocu* 
OQs. But whereyer they find congenial resting places, there they take 
np their abode and flourish until their food supply is exhausted* It may 
be upon a spoiled apple auspiciously placed; a cheese that has been made 
out of unwholesome material or that has not been well taken care of; a 
piece of cake left in a tainted atmosphere; a jar of jam left open under 
conditions fayorable to fermentation; a can of preserved food, fruit or 
yegetables, fish or meat, left open for conyenience; any article of food 
which has been kept too long, or improperly placed — ^f or example, a pan 
of milk that has been placed in the same ice-box, closet, or dairy with 
stale meats and yegetables^ or, worse still, as recently obsenred by the 
author, in the stow-away for soiled clothing in an institution for the care 
of children. Or, finally, it may be, on a large scale, filthy streets and 
yards round our houses, or the accumulation of dirt within them. AH 
of such conditions of things, places, and surroundings are the common 
feeding ground and fruitful fields of disease germs; unfortunately 
exempted by no climate, but everywhere dangerous places to live in, and 
to be shunned by all persons who would not contract infectious diseases 
themselves, nor be the means of communicating them to other people. 




THE STABIUTY OF LOCAL CONDITIONS OF CLIMATE. 
THE RELATIONS OF LAND AND WATER TO CUMATE. 

PEBMAKENCT OF OEOLOGICAL AGENCIES — ACTION OP AIK AND WATEB 
ON THE earth's CRUST — DISINTEGRATION OF ROCK — PEODt'CTION 
OF SOIL — KIVEBS — OCEAN-CURRENTS — THE OCLF STREAM. 

The atmospheric, aqueous, organic, and igneous agencies in ope- 
ration, modifying the structure of the earth's crust, are probably the 
same at the present time as they have always been, tbongh they may 
have acted, as eome geologista believe, with a different energy in an 
earlier period of the earth's development than they now do. How- 
ever this may have been, it fails to account for the permanent change 
of climate which evidently took place in the coal period, by which such 
H revointion of climates took place as to convert those which were tropi- 
■catinto temperate and frigid, and vice versa. Such a revointion conld 
only have been brought about by an exchange in the balance between 
the results effected by the agencies now in progress. 

Whstlier the relations of mass between the ocean an<l the dry land 
are the same now as they have always been since the creation of man, 
scientific data are insufficient to determine. Changes in these wonld 
nnqnestionably affect the distribution of heat, and consequently, propor- 
tionate changes in the permanency of climate. That changes in these 
relations have taken place at some period in the progress of the earth'e 
development, the evidences of geology abundantly attest. 

The whole of what is now dry land was once under water, and much 
of it has evidently been a gradual deposition from water. But evidence is 
wholly wanting of any change in the relations of land and water of such 
magnitude as to have liad any permanent effect upon climate since the 
modem epoch of the earth's elevation. On the contrary, the constancy 
and the progress of the agencies now in operation are such as to warrant 
the conclnsion that the alleged changes in climate, of which there has 
been so mnch said and written in recent years, are very much exag- 
gerated, if not, indeed, wholly devoid of a substantial basis. 

The general effect of the atmosphere on the surface of the earth is 
«Terywhere apparent in the disintegration of rocks and the formation 
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of Boils. These changes are effected by the chemical action of oxygc 
carbonic acid, and moisture. Tlia evidence of this origin of soiIb w 
clearest when the soil is found in si/n — where there is but little or no slops 
of the surface, or other cause faTorable to ita removal. In such cases, it 
is generally easy to trace every stage of gradation between perfect rock 
and perfect soil, as may usually bo seen in railroad cuttings and in wells, 
in the gnelssic region of the Southern Atlantic States. Near the sur- 
face in this region is perfect soil, generally red clay; beneath this that 
which is of lighter color and coarser, and more distinctly stratified; next 
below this, shading into barely perceptible gradations of color, it appears 
as stratified rook, but it crumbles into coarse dust in the hand. This 
passes by imperceptible gradations into rotten rock, and finally into per- 
fect rock. These are alt different stages of gradual disintegration. 
Wherever perfect soil is found resting on sound rock, the soil has been 
shifted. 

If rocks were solid and impervious to water, the action of the atmo- 
sphere upon them would be inconceivably slow; but a^ they are all mors 
or less broken by fissures, there is an immense exposure of surface, and 
in cold climates mechanical force is added by frost. The influence of 
the wind in shifting the sands of desert regions, and that which is thrown, 
out by the sea, is also very great. 

The depth to which soil will accumulate depends partly upon the na- 
ture of the rock, partly upon the inclination of the surface, and partly 
upon the climate as regards temperature and moisture. But all soile, 
with the exception of the thin stratum of vegetable mould which forms 
on certain circumscribed localities, are due to atmospheric agency, 

though they are sometimes removed as fast as they are formed, and d»- ' 

posited at a distance more or leas remote from the parent rock, ^^ 

Water, in the form of vapor, fogs, or rain, soaked into the surfaoes^^ 
and crevices of the earth, is also a powerful agency in the disintegration 
of the hardest rocks. Much of the water which falls as rain, however, 
IS never absorbed by the earth, but runs off the surface, forming rilla, 
which, by erosion, produce furrows, rivniets, and gullies. And these, 
uniting with one another and the larger streamlets, form torrents, ravines, 
gorges, and caflons; and again, these uniting, form rivers, which sweep 
down and deposit their freight of soil from the disintegrated rocks by the 
way, or pour it into the sea. The hydrographical basins of rivers, lakes, 
or gulfs comprehend the area of land which drains the rainfall into the 
latter, and upon a knowledge of the surface soil and boundaries of the 
areas, estimates have been made of the amount of soil removed from 
them. For example, the area of the Mississippi basin is 1,241,000 square 
miles. According to the experiments and estimate of Humphrey and 
Abbot,' the discharge of sediment annually from this area amounts to 
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7,471,411,800 cubio fefit, a mass sufflciont to cover an area of one square 
mile 268 feet deep. This spread over the whole basin would cover it to 
the deptti of about jlu of an inch, eqniil to the thickness of one foot 
in 4,800 joars. This may be regarded as a fair example of the ero- 
Ei»e and diatribntive power of rivers. 

The erosive effect of the tides and waves of sea-coaats is more marked. 
The softer parts are worn away or scooped out into harbors, while tho 
harder parts extend out into the sea, and the progress of these erosions 
is in some cases so great as to effect important changes in short periods 
of time. For example, Sullivan's Island, the protecting reef of Charles- 
ton harbor, for a few years past has been wearing away at the rate of 
from ten to fifteen feet annually, insomuch that the Government has 
been constrained to interpose protecting barriers against the erosion for 
the preservation of the harbor. Cape May is also losing about nine feet 
annnally. 

As a genera] fact, however, Le Oonte states the sonthera coast of the 
United States is receiving accessions by the inflow from the sea more 
rapidly than it ia wearing away, while, on the contrary, the New Eng- 
land coast, as proved by its rocky character, ia losing much more than 
it gains. The shores of the great lakes show similar changes.' 

But far more powerful is tho effect of ocean currents. The ocean, 
like the atmoaphore, is in constant motion, not only on its surface, 
but throughout, 

The great and controlling cause of ocean currents, as of the air, is 
difference of temperature between the equatorial and polar regions." 

Water has a greater capacity for heat than the surface of the ground, 
whence it results that the sea is cooler than the land in summer, and 
warmer in winter. The sea breezes also add to the influence of the 
water in preventing the coast-line from being as cold as the country 
farther inland. 

Water becomes less readily heated upon the surface than the ground, 
because the latter has a specific heat much below that of water. For 
instance, tho quantity of solar heat required to increase the temperature 
of the earth's surface ten degrees is much less than that which would 
raise the temperature of a liquid surface the same number of degrees, 
because the greater capacity of the latter for heat. Moreover, the solar 
rays penetrate to a much greater depth, and consequently become ab- 
sorbed to a mnch greater extent in water than they do in the surface 
ot the earth, insomuch that, at sea, they do not become extinct until 
ihey have reached a depth of about a thousand feet. So that the heat 
arising from the absorption, instead of being concentrated upon the 
snrface of the water, is diffused through a great mass, and is, of course. 



' " ElementB of Geology." by Juseph Le Conte. 
' Guyot, " Earth and Man." 
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leea intense in proportion as this mass is larger, bnt with effects the 
same as that which heat has upon the atmosphere, and of equal import- 
ance — the establishment of marine currents. 

Ths ocean currents &,T& the great rivers of the sea. They move continu- 
ally through waters comparatively tranquil, but usually distinguishable 
by a difEerence in temperature and color. Unlike inland streams, which, 
in comparison are but threads on the surface of the earth, the ocean 
■currents are seorea, ay, even hundreds of mites broad, and their course is 
■over the greater portion of the globe. And they are not only found 
near the surface, but in many cases at great depths, and moving iu dif- 
ferent directions. 

The cold and heavier waters of the frigid zone tend incessantly to flow 
into and to displace the warm and lighter waters of the torrid zone. Wheu 
the currents meet, the cold waters sink below the warm, but anon to 
return under the influence of heat as surface currents to the polar re- 
gions. Hence the two series of currents, the cold from the polar, and 
the warm from the tropical regions, both, however, deflected from a 
straight course by the earth's rotation — the polar currents more and 
more to the west, and the tropical more and more to the east. The polar 
currents from the two hemispheres unite in the tropical zone, and, 
aided by the powerful influence of the trade-winds from the great equa- 
torial current, give origin to the Gulf Stream. 

77(0 Gulf Stream springs from the accumulated warm waters of the 
■equatorial regions iu the Gulf of Mexico. It first becomes appreciable 
■on the west coast of Florida, gently flowing southerly until it reaches the 
Tortugas, where it bends its course easterly and runs along on Florida 
S«ef till it roaches the confined limits of the strait between Florida on 
the one aide and Cnba and the Bahamas on the other, whence it moves 
more rapidly, and takes its northward course along the coast of the 
United States. No longer restrained, it of course widens its bounds and 
slackens its swiftness, bnt such is its impetus that it may be distinctly 
perceived as far north as the Great Bank of Newfoundland, though 
^adually turning its course to the east from the time it has reached the 
latitude of New York; thence it crosses the Atlantic basin to the islands 
of the Azores. Here it divides; the main branch, cooled by contact 
with the waters from the polar regions, bending its course southward, 
■enters the tropical regions on the coast of Africa, and by the force of the 
north equatorial current it sweeps back again to the Gulf of ifexico. 
Thus a great whirlpool is formed in the North Atlantic Ocean, marked 
'by the accumulated and vast amount of Gulf seaweed which bears the 
name of mar de Sargasso. 

The northern branch, influenced by the revolution of the earth, con- 
tinues its slanting course to the British Isles and Norway, and often 
carries to their shores the evidence of its source— the tropical seeds, sea- 
■wecd, and drift wood from the West Indies. 
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The high temperatnre of the water of the Gulf Stream, as well aa its 
"blue color and motion, distinguishes it from all of the other portions of 
the ocean. It carries congeiiial warmth all along to the Northern coast 
of the United States and Canada, and to the west coast of Europe, and 
gives to the British Isles the temperate climate they enjoj even in the 
high northern latitude in which they are situated. 

The Athintic Ocean ia almost the only outlet of the waters of the 
north pohir toward the equatorial regions, as the Pacific Ocean is that 
of the south polar waters. Under the influence of the earth's rotation, 
the polar currents all trend to the west on the American coast. Two 
main currents, one on each side oC Greenland, carry the waters and 
masses of ice from the Arctic Ocean towards the warmer latitudes — the 
Oreenland current along the eastern coast, and tlie Labrador carrent 
along the western, from Baffin's Bay. Joining their waters, laden with 
icebergs, they flow to Newfoundland, where they meet the warm waters 
on the outskirts of the Gulf Stream, and condensing the moisture of 
that comparatively mild atmosphere, they produce the everlasting fogs 
peculiar to that region. Thence, following the coast, between it and 
the Oulf Stream, the polar current makes itself felt on the northern 
sea shore as far south as the latitude of New York, where it sinks under 
the warm waters of the Gulf Stream and pursues its grand circuit. 

Other currents though jierhaps of less magnitude than the Gulf 
Stream, are traceable throughout the whole expanse of the waters of the 



Such ia the process by which the sea serreg to distribute heat. The 
mass of observations collected show that in the northern hemisphere and 
in the temi>erate zone the mean temperature of an island situated in the 
midst of the Atlantic, or at a great distance from the Continent, is 
higher and the climate more equable than that of a place in the same 
latitude on the main land — that the winter is warmer, and the summer 
cooler. This has been especially marked in the island of Madeira, and 
the Bermudas. Kence there is au important difference between the 
climates of islands or sea-coasts pertaining to continents that abound in 
galfs and peninsulas, and the climates of the interior of great and com- 
pact masses of dry land. 

But besides this chief function of the ocean currents to distribute 
heat, they serve to distribute over the bottom of the sea the sediments 
brought down by the rivers. Without this agency, such sediments 
would be dropped near the shore, none would reach the open sea. 
There can be little doubt that much of the sediments poured into the 
Gnlf of Mexico from the great basin of tbe Mississippi and the rivers of 
the Mexican and Central American coast is deposited on and about the 
cape and reefs of the coast of Florida and the Bahamas. Great banks 
far away from shore also owe theirorigin to the same means. Thus the 
Banks of Newfoundland are evidently formed by the meeting of the 
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polar current bearing icebergs loaded with earth, and the warm current 
of the Gulf Stream. However formed in the first place, when a sub- 
marine bank has risen sufficiently near the surface of the water for the 
waves touching bottom on its border to form breakers, these begin to 
throw up sand or mud from the bottom until an island is formed, which 
continues to grow until it becomes inhabited by plants and animals, and 
finally by man. By the same agency the islands and sandspits have been 
formed all along our Atlantic sea coast, separating the harbors and 
sounds from the ocean. These are more or less changeable in their out- 
line from year to year, but in the progress of time the common result is 
the filling up of tidal inlets and a gradual encroachment of the coast line 
upon the sea. 

The force of the waves, in conjunction with the chief of the organic 
agencies, is also a powerful means of building up shoals and islands. 




STABILITY OF LOCAL CONDITION'S OF CLIMATE (CON- 
TINUED). 



The organic agencies comprehended in the structure of the earth's 
cmst are by both animal and plant formation, and those of the former 
especially are frequently found to exercise important influeucea over 
Bonitary topography. 

Uoet, if not indeed all, of the inhabited islands of the Pacific 
Ocean, and of the innumerable islands which gem the seas of all warm 
climates, and thousands of miles of the inhabited coasts, frequently ex- 
tending far into the interior of the American continent; all of the marble 
quarries and lime-stone strata of a former era in the earth's development, 
and the cumnlative coral islands and reefs of the present era have been 
built up by the madrepore, or coral polyp, an animal of the simplest 
Gtmctnre, composed of a soft and almost transparent substance, which 
has the power of multiplying indefinitely by buds and branches. When 
a large number of madrepores are, by force of currents, planted to- 
gether, they may be seen at the bottom of clear still waters, where they 
flourish, shooting up their brilliant stems in groves of every conceivable 
shade of beauty. In this living group some of the flowers are fully open 
resembling the petals of the Cypress vine (Ipmoea guamocHl), while, 
others are closed like buds, but constantly changing their appearance 
from bud to blossom, and from open flower to bnd again. 

The madrepores always work upwards towards the light, and most 
vigorously when washed by the beating waves of a rocky bottom. They 
have never been fouud, however, at a greater depth than two hundred 
feet; hence it is to be presumed that all coral beds must have been de- 
posited within this distance from the surface. Their peculiar office 
seems to be to plant themselves upon submarine elevations, and build 
them up to the surface of the water. Gradually the accumulating pile 
rises, and at length, after the lapse of ages, portions of the rocky fabric 
show themselves above the waves. Here further growth is checked; the 
polyjia cannot live beyond the point where water freely reaches them, 
from whence they may derive nutriment; hence so soon as the elevation 



lii 



J 



ffTABIUTr OF LOCAL (X>in)lriONB OF OLDtATB. 

has reached such a height kb to remain dry at low water, they leave oS 
building it higher. Yat they toil on round the edge of the fringing reef. 
The at ructn re reared becomes a nucleus round which materials are col- 
lected. Fragments of seaweed gather round and cling to the rough 
margin; dead coral and sea shells are strewn over the surface. And the 
breaking surf at every flood tears up, pulverizes, and commingles the an- 
imal and vegetable substances, which, at every ebb of the tide, are ex- 
posed to the rays of the burning sun. 

The heat of the sun so penetrates the mass when it is dry that it 
bakes and splits into large fragments. These flakes, bo separated, are 
raised one upon another by the waves at the time of high water, and the 
always-active surf continues to throw up shells, marine animals, and sea- 
weed between and upon them, to be ground and compacted into the 
more and more solid mass. Now peering above the waters, drift wood, 
frequently consisting of the entire trunks of trees which have been car- 
ried into the sea by the rivers of distant countries, after long wander- 
ings, finds here at length a resting place. And with these, perchance, 
come some small animals, such as lizards and insects, as the first inhabi- 
tants. Flocks of migrating birds, attracted by the appearance of food, 
here find a convenient halting place, and bring with them the seeds of 
plants from their previous abode; anon the seeds take root, spring up 
and grow, and the strayed land birds take refuge in the bushes. 

The older and usually central portions of coral islands, powdered 
and solidified by the joint action of the surf and the heat of the sun's 
rays, after a time begin to subside. Meanwliile, the ever active agencies 
of the living madrepores, many feet below the surface, and the dashing 
breakers above, are unceasing, and new material is continually being 
added to the margin. Qreat sun-baked flakes are tossed up by the 
breakers of the recurring tides, fencing in the central lagoon, which, by 
the lapse of centuries, is converted into a refuge, with its fruitful soil 
around and expanded reefs beyond, invites the explorer, the pioneer, and 
the invalid to new fields of health, commerce, and fortune. 

Such is the process of formation of chalk and limestone in enonnona 
masses, of various kinds, from the beginning, and still in progress, com- 
prehending immense areas of the earth's cruat, and in some regions 
thousands of feet in thickness. 

The vegetable accumulations which enter into the Btractore of the 
crust of the earth, and exercise influence over chmate, are peat-swamps 
and coal fields. ^1 

la undraiued places in moist climates, the surface mass of accnmtt^| 
lated debris and mud in low places is frequently found to be the mei^^ 
covering of a black, tough carbonaceous layer, interlaced with roots of 
many feet in thickness. This substance is known as peai, and it com- 
monly rests upon a tremulous, semi-fluid qnagmire, Bometimes twenty to 
thirty feet in depth, in which animals in search of food and hunters arej 
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gometimeB baried bj the breaking through, or by open spaces in the 
superficial layer. 

Some countries are particnlarly noted for their extensive peat 
Fwamps and bogs. One-tenth of the whole surface of Ireland and large 
areas in Scotland and England are covered with it. There are also 
extensive swampa in this country. The amount of peat in Massachn- 
aette alone, Dana ' has estimated to be upwards of 15,000,000,000 of cubic 
feet, and Le Coote is authority for estensive areas of it in California.* 

Peat consists of disintegrated and partially transformed vegetable 
matter, and is composed of variable proportions of the same constituents 
ae the atmosphere, but with carbon and carbonic acid greatly in excess. 

Peat swamps are remarkable for their relative exemption from mias- 
matic diseases, as compared with recent accumulations of vegetable mat- 
ter in swampy regions before transformation. This exemption is proba- 
bly due to the presence and antiseptic properties ofi humic acid and 
of hydrocarbons analogous to bitumen, which are found only when 
vegetable matter is decomposed in contact with excess of water. 

The conditions commonly considered the most promotive of the for- 
mation of peat are cold and moisture; and of these the former is thought 
to be the moat important, as, without cold, it is assumed vegetable mat- 
ter would be destroyed by decay, and in proof of this it is stated that 
peat-«wampe are more numerous in cold than in warm climates. But 
this is doubtful. Moisture is unquestionably an essential condition 
under all circumstances, and wherever this is found to have obtained in 
excess, with an abundance of vegetable matter, peat-bogs are also found. 
The great Dismal Swamp in Virginia and Nori^h Carolina is a promi- 
nent example, and the writer has observed the same condition in other 
and still warmer climates. It is probable that the peat of snch regions 
is an additional element to their sahibrity, more particularly noticed in 
the chapter on Forests. 

Coal formations, which appear to be but another step in the progress 
of the transformation of organic into inorganic matter, everywhere bear 
evidence of their relation to climates. 

The climate of the coal period over regions of the earth's surface 
which are now great coal fields was undoubtedly characterized by much 
greater warmth, humidity, and uniformity, and a more highly carbon- 
ated condition of the atmosphere than that which now obtains. But the 
evidence which the coal formation hears to the probability that the 
greater part, if not the whole of it, as it now appears, was effected under 
climatic conditions unfavorable, and probably previous, to the existence 
of man upon the earth, and the extreme slowness by which this trans- 
formation takes place, is such as to divest it of any present significance 
in relation with climate. 




CHAPTER VII. 
HEAT. 

I.AW3 OF HEAT — THE ZOXES — HOW THE TEIIPERATCRE OF THE EAKTH^"! 
SURFACE IS MAIKTAIKEII — DIFFEKENT CONUITIONB OF HEAT — 
ANOMALIES OF EXTREME HEAT IN THE EA8TEHN STATES, AND ITS 
DANOEBS — RELATIONS OF HEAT TO ALTITUDE. 



Heat it the fundamental power of ciimate. The atmosphere ie 
life of the world, but if the atmosphere were not the carrier of heat th< 
would be no life. 

It is heat which seta the air in motion, goTerns the course of the 
winds, moves the currents of the ocean, supplies the atmosphere with 
moisture, dlEtributos the rains, and distils the dews. Hence a knowl- 
edge of the laws which govern heat are of primary importance in the 
study of climate. 

Experiments show that nearly all bodies are subject to expansion, or 
increase in volnme by the a])plication of heat, and rocover their original 
size when reduced to the initial temperature. Thus if the temperature 
of an iron bar bo raised it", and thereby increased in length one inch, by 
elevating the tempemture to 10° it will have- increased two inches. Or 
if a ball of iron be made of such a size as to pass through an aperture 
at a temperate warmth, it will not fall through when heated. Liquids 
are in like manner amenable to the law of expansion. If a glass tube be 
inserted through a cork into a flask tilled with water, and heat applied, 
the water will rise in the tube, and the higher as it becomes warmer. It 
is in accordance with the same law that the thermometer was con- 
structed, and operates by the expansion of mercnry, or, rather, by 
dilating in equal amounts for equal increments of heat. 

But water is an extraordinary exception to the law of expansion by 
heat. It contracts till cooled down to the temperature of 40° F,, after 
which it expands. It is in consequence of this peculiarity that ice 
always floats. This effect of heat on water is illustrated by another, and 
a very curious consequence. When a pool or a well of melted ice hap- 
pens to be formed on the upper surface of a mass of ice, as not infre- 
quently happens in the glaciers of ■cold regions, the well quickly increases 
in depth until it entirely penetrates the ice to the earth beneath. Su]>- 
posing the water at the surface when the pool or well flrst forms to be 
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ftboat or but little above the freezing point of 33°, ai it becomes heated 
bj the air aud sun's raya, inatead of being thereby expanded (as it would 
if it conformed to the law of expansion), aud rendered specilically 
lighter and detained at the surface, as it more nearly approaches the 
t«mperatnre of 40° it becomes heavier, and therefore sinks down to the 
bottom; but there, by melting some of the ice, and consequently becom- 
ing cooled, it is again made lighter, and, rising again to tlie surface, 
gives place to another descending portion, which has, from exposure, 
acquired the same properties, and so on; the circulation aud digging 
cease only when the water has bored its way quite through the ice to the 
surface of the ground. 

The manner in which heat is communicated through liquids, is 
by convection. When applied to the lowest part of the mass, for ex- 
ample, to the bottom of a tube containing water, the particles heated 
vxpand, and becoming lighter, ascend, while the colder particles from 
above descend and supply their place. The process may be clearly shown 
by throwing into the tube, while the water is boiling, some instfluble 
powder whose specific gravity is the same as that of the water, when a 
series of upward and downward currents will be exhibited, which will 
continue as long as the boiling. 

Oases become heated in the same way as liquids, though tlie currents 
have more of a wavy or cloudy form, unless, as is seldom the case, the 
MT is perfectly still, when smoke is seen to ascend vertically, and fogs 
and vapors rise in the same manner. 

Qases and vapors expand by heat; and air which is a gaseous com- 
pound, conforms to the law. 

The results of scientific experiments show that the ratio of expansion 
of a volume of air in passing from the freezing to the boiling point of 
water is JJSif ; that is to say, a quantity of air equal in volume to 1,000 
cubic inches at 32" F. will expand to 1306. 5 cubic inches at 212", or 
by an increase of 180° of heat, llence, as it has been proved that the 
expansion is the same for each additional degree of heat, the expansion 
will be equal to O.OO203fi, vr jfV.i ^*"' ^^"'^ degree : — 

Four hundred and ninety-one cubic feet of air at a temperature of 
32° urill become 493 at 33° 
493 at 34° 
490 at 31" 
489 at 30° 
488 at 29°, etc. ' 

Solid bodies lose or acquire heat by conduction. The particles nearest 
the source acquire heat and transmit it to those in contact with them, 
sod these to the next, and so on till the whole mass has attained the heat 
of the surrounding medium. IE the temperature of this medium, sup- 
pose the air, be reduced, the surface of the heated body radiates forth 
its heat from the interior till equilibrium is restored. 
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According to the greater or less rapidity with which heat is diffuaed 
throughout a aubatance, eo it is said to be a good or a bad conductor of 
heat. Metals are good conductors; gases, liquids, and earthy matters, 
ncarcely conduct at all. The loss of heat by radiation greatly depends 
upon the nature of the surface: smooth or polished surfaces radiate much 
more slowly than rough surfaces. 

Glass and wood are bad conductors of heat. For illustration, a piece 
of wood may be held in the hand and burned until withia a short dis- 
tance from the flame, or a glass rod held by the fingers within an inch 
from the flame of a blow pipe, without inconvenience, whereas the end 
of an iron wire, which is a good conductor, held in the same flame and 
heated to redness, will be heated and rendered intolerable for a foot OF'' 
more from the flame. 

Air is a had conductor, and hence the utility of double windows in 
cold climates, which include a layer of air between that prevents the 
radiation of beat from the rooms into the colder atmosphere without. 

Ice is a bad conductor, and snow a still worse. A surface of ice pre- 
Tents the cooling of water underneath; and snow prevents the ground 
from freezing, and protects the delicate roots of plants from the eSecta 
of severe cold. 

The barks of trees are bad conductors, and exhibit a structure of 
porous material, with pores filled with air ; which finds its imitation in 
the cover of the boilers of steam engines with wood and felt. And for 
the same reason, ice ia wrapped in flannel because the flannel is a bad 
conductor, and prevents the external heat from reaching it. 

The crust of the earth is almost wlioUy composed of had conductors 
of heat. Hence, although the interior of the earth is well known to be 
of a much higher temperature than the superficial layers, no heat is com- 
municated to the surface from the interior. And for the same reason, 
the sun's raya, upon which the surface of the earth wholly depends for 
its warmtli, never penetrate to any considerable depth — the temperature 
of mines and wells, even a few feet deep, continue about the same for 
summer and winter. • 

Liquida are also bad conductors. If a tube be filled with water, 
held aslant over the flame of a spirit-lamp, the water may be made 
boil from the top, wliile a piece of ice may be retained at the bottom, 

Although the earth is a warm body, which at the beginning was 
probably incandescent, it has so cooled down at the surface by the lapse 
of ages as to retain scarcely a trace of its original temperature. Never- 
theless, we know that the temperature of the earth increases as we de- 
scend into the interior at the rate of about 1° to every 112 feet, and 
that the internal heat must be very great underneath volcanoes. Nino 
thousand feet of depth, or about one mile and seven-tenths gives the 
temperature of boiling water ; at the depth of thirty miles, at the same- 
ratio, the heat is suflficiently intense to melt all the rocks and metals. 
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coDtuined in the earth's crnst, and to account for the torrents ot molten 
fiery lava belched from the craters of raging volcanoeB. It is to this in- 
ternal heat of the earth that hot eprings, and the warm water of deep 
arteaian wells are due. But all the heat available for the purpose of 
organic life is unquestionably due to the influence of the rays of the. 

Thongh the sun pours its life-giving rays in a uniform and nninter- 
I stream upon the earth's surface, the spherical form of the earth 

t hs movements of daily rotation on its axis and annual revolution 
ind the sun, establish permanent differences of temperature, in every 
Ii^tude between the poles and the equator, and periodical differences 
upon the seasons, and upon the diurnal rotation for day and night. 

The division of climate into zones is based upon the permanent differ- 
ences in the jiower of the aun'a rays on the earth's surface. 

Two imaginary parallel lines to the equator upon the surface of the 
globe, at the distance of 23° 88' in each hemisphere, designate two cir- 
cles between which the sun passes across the zenith at certain epochs of 
the year : these are the tropics. That of the northern hemisphere is 
known as the Tropic of Cancer, because during the summer solstice the 
sun passes at its zenith and is in the zodiacal sign of Cancer. That of 
the southern hemisphere is known as the Tropic of Capricorn, because 
the sun passes at its zenith during the winter solstice in the zodiacal 
sign of Capricorn. The space included between these two circles com- 
prises that portion of the earth's surface over which the sun rises to its 
greatest and most vertical altitude, and sheds forth its rays with the 
greatest degree of intensity, is termed the torrid zone. 

Two other circles, distant respectively 66° 33' from the equator, or 
23* 28' from the poles, in each hemisphere, mark the lines below which 
the sun may remain for several days together, and above which it attains 
its least altitudes: these are the polar circles, which include the frigid 
lones. During one-half of the year, the sun rises above the polar circles 
to the height of 33° 28', and during the other half descends below them, 
to the same amount. 

The temperate zone is that portion of the earth's surface which is be- 
tween the torrid and frigid zones. 

The areas in square miles of the respective zones is: — 



North tropical zone, 


39.109.638 ) Warm region. 


South " " . 


89,108.638 f 78,219.356. 


North polar " . 


8.220.748 1 Cold region. 


South " 


8,229,7481" 16,450,846, 


North temperate zones. 


5!,U0,7B3 I Temperate region 


South 


51,110.763 1 103,321,536, 



It thus appears that the regions most favorable to mankind, the tem- 
perate regions, are far the most estensive; and next, the warm regions; 
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irliile the frigid zones, unsuited for human progress, extend over a col 
parativeiy ineonsiHeHble portion of the earth's surface. 

In the regions of, and near the equator, in both hemispheres, the 
various causes which influence the action of the ann's heat vary but 
little throughout the year. The day has about the same length all the 
year round; the meridian height of the sun undergoes hut little varia- 
tion, and the four seasons differ very little in regard to temperature, the 
one from the other. For an entirely different cauae, in the regions 
TFhere the length of the day varies very much in the course of the year, 
or where the meridian height of the sun at one solstice is very different 
from that of the other, the seasons are very dissimilar both to the north 
and south of the equator. 

The angle at which the solar rays reach the surface of the earth are 
the chief cause of the succession of climates from the equator to the poles, 
»nd if the earth's surface were perfectly regular in shape and consistence, 
instead of being divided into land and water, forests and arid plains, 
table-lands, mountains and valleys, etc., the diminution of temperature 
"Would he progressive and regular. These irregularities of the surface 
^ve rise to the various differences of chmates in the same latitudes, and, 
under the influence of heat, tend to maintain a perpetual circulation of 
the atmosphere, and the equalization of temperature. Thus the trade- 
winds, which establish a double current between the equator and the 
poles, temper the cold of the high latitudes over which they pass, and the 
heat of the tropical regions whero they arise, heating the former and 
cooling the latter. 

Gases and vapors, as before shown, possess the property of absorbing 
heat rays, and consequently the atmosphere absorbs a portion of the 
rays transmitted by the sun. But the power of absorption by different 
gaseous substances greatly differs. Professor Tyndall, after many ela- 
borated experiments on the absorptive power of different gases, concludes 
that on an average day the water present in the air absorbs about sixty 
times as much heat as the air itself; and Professor P. M. Garibaldi haa 
shown that the absorptive power of heat, under a barometric pressure of 
29.92, by different gases, stands in the proportion of 

Atmoeplierio air (oxygen and nitrogen) 1 ^^H 

Carbonio acid 93 ^^M 

Ammonia H6 ^^M 

Vaporofwater 7,987 ^H 

Hence it appears that the actual amount of lieat of the air derived 
from the sun's rays in their transit, compared with that which is radiated 
from the earth's surface, is very small. 

The lower portions of the air are heated by radiation from the earth's 
surface, communicated by convection, and to this source may be traced 
the greatest portion of the heat it exhibits. The greater portion of the | 




Bun'e ravB which are received by the earth are deprived of their power 
of being reflected back again into space bj the interposing moisture, aud 
its great capacity for heat. 

Bat the amonnt of xpecific or absolute heat which different Bnb- 
stances contain greatly dilTers, although their temperature, as indicated 
by the thermometer, may appear to be the same. If, for example, two 
glass tubes, in every way alike, one containing mercury and the other 
water, be subjected to the same degree of heat by plunging them into a 
vessel of hot water, the mercury will attain the degree of the snrround- 
ing medium in half the time the water will take; and on removing the 
tubes and allowing them to cool, the mercury will take only h^lf the 
time to recover the initial temperature as the water: this effect arises 
from the difference in the absorbing power of the two substances, mer- 
cury absorbing less heat tlian the water in being raised to the same 
t«mperatnre; or, as usually expressed, water compared with mercnry 
has twice the capacity for heat. 

In comparing the capacity for heat of different substances, it is usual 
to take equal weights of each rather than equal volumes. 

A pound of distilled water takes a certain amount of heat to raise it a 
(vrtain number of degrees; to this standard other substances are reduced: 
if a pound of mercury requires .033 of the same degree of heal to attain 
the same temperature, the specific heat of water is to that of mercury 
as 1,000 to 33. According to the same standard, the specific heat of 
various substances has been ascertained to be as follows: 

6pec<ncbeat 
Subalaaees. of nqiul welghu. 

Water 1,000 

Ice 518 

Iron 118.8 

Copper 9B.1S 

Zinc 85.S5 

Glass 168 

Mercury 83,83 

Lead 81.t 



The great capacity of air for heat has already been shown. 

The aqueous vapor suspended in the atmosphere, though it may ex- 
tend only a few feet from the surface of the earth, constitutes a moist 
■tratum which as effectually retards the nocturnal process of cooling as 
the whole atmosphere. Indeed, the most striking facta in connection 
with the temperature of the atmosphere are the absorption of heat which 
accompanies the transformation of water into vapor, and the part played 
bjtha vapor in maintaining the temperature of the earth's surface. This 
is hient heat. It is so named because it does not aSect the sense of touch 
■or die thermometer; it may bo thus illustrated: — 



If a vessel be filled with ice in a melting state and subjected to tn 
application of heat, a thermometer placed in it will not show a temperatura" 
above 32° F. till the whole of the ice ia melted: not till then will the tem- 
perature of the water begin to rise. The heat thus absorbed by the ice 
in passing from a solid to a liquid state has therefore become latent. It 
ia the effect of the same property — the absorption of heat by liquefaction — 
which chills the air during a thaw; the ice and enow absorb heat from 
the surrounding air during the process of melting. 

Evaporation from the surface o£ water proceeds at all temperatures, 
and goes on gradually and insensibly: the particles of water rise in the 
air, aijd ur? mixed with it, and, unless they exist in large amount, are 
invisible. Whenever evaporation takes place, heat is absorbed from 
some contiguous substance to supply the amount which becomes 
latent in the conversion of the liquid into vapor; hence evaporation 
18 always a cooling process. From the same cause, ether, which 
evaporates rapidly at a low temperature, applied to the surface of 
the skin produces the sensation of cold; and the evaporation of water 
from the surface of a porous jar cools its contents; but in this case 
the water of the vessel exudes through the pores and forms on the onteide 
of the vessel hke dew, and this is rapidly taken up by the surrounding 
air, just as the moisture is taken up, as so beneficially experienced, in hot 
climates. 

The insensible evaporation of water and the diffusion of its vapor in the 
atmosphere may bs proved by exposing a shallow vessel out of doors filled 
with water: in a few days of dry weather, it will be found emptied of its 
contents. If the surface of the vessel be of a given area, say one square 
loot, and the water be weighed from time to time, the loss of weight will 
give the rate of evaporation (or the temperature and locality for one 
square foot of the surface. 

The process of evaporation isalwaysgoingon on a large scale over the 
surface of the ocean, seas, lakes, rivers, and moist surfaces everywhere. 

The absorption of the beat by the moisture evolved in the process of 
evaporation has the effect of cooling the surfaces from which it is taken, 
but the temperature of the vapor is not thereby sensibly increased, it is 
latent; but at such a degree of temperature as to sustain the vapor. The 
heat which is thus absorbed is destined to be transported to the most 
distant latitudes, and to establish and maintain in the atmosphere an 
equality of temperature which would not otherwise be produced; it is 
restored to the earth again in its entirety when it returns to the liqnid 
state as rain. The quantity of heat which thus passes from the equa- 
torial to the polar regions ia beyond conception. 

The smaller the amount of moisture which the atmosphere contains, 
the more easily it is traversed by heat. At an altitude of 4,000 feet and 
upwards, the increase of heat in the sun's rays relative to the temperature 
of the surrounding air becomes a marked feature, insomuch that, at a 
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aliitade uf (rom 6,000 to 10,000 feot above the level of the sea, the ther- 
' Btometer exposed to the rays of the Biiit usually registers about one-third 
[ '3SifiteT than when Id the shade. 

f The difference between the indicationB of the thermometer in the 
^ade and in the sun augments with elevation, on tlie authority of Dr. 
Charles Denison, " ojie degree greater difference between the temperature 
in the sun and shade for each rise of 235 feet."' 

But the general result of altitude ehows that the temperature de- 
creases about 1° Fahrenheit for every 345 feet elevation. 

Hambolt observed that the decrease of temperature by altitude var 
ries in different countries, as follows : 

"The decrease in a southern atmosphere was 1° F. to 3-14 feet in the 
mountains, and 440 feet upon the table-lands. A series of places in 
Southern India gave 320 feet; in the north of Hindoostan, on the other 
baud, the decrease was 1° in 410, about the same as upon the table- 
lands of America. Everywhere analogous differences of level are re- 
marked; in Western Siberia, 1' in 450 feet is the result arrived at, nnd 
this number is converted into 440, if the comparison includes the ele- 
Tated regions of Northern India. In the United States, the decrease is 
1' to every 400 feet. The configuration of the country seems to bo the 
most important element in the calculation. If there is a gentle rise in 
the ground, or if the country is made np of snecesaive gradients, the de- 
crease in the temperature is much more gradual than upon the sides of 
steep mountains. In the first case, 1° may be taken to represent a dif- 
ference in level of 420 feet; in the second, of 350 only." ' 

Although what is above stated in regard to the decrease of temperature 
on the increase of altitude is a general law, in hilly regions and a general 
prevalence of calm weather the law is reversed; the cold air, by reason 
of it^ greater density, descending into the valleys, and the warmer rising to 
the top of the hills. If there be wind enough, however, to create a dis- 
turbance and intermisture of the higher and lower strata, this excep- 
tion to the general law does not occur. These facts are familiar to 
observant people in hilly regions generally, but they have not been 
sufficiently taken account of in meteorological observations to render 
them popular for the protection of health. The damp and chilly val- 
leys, with their attendant ills, aro more frequently chosen as building 
places than the dryer, warmer, and healthier hills. 

That the atmosphere under the influence of heat is in a per- 

1 state of circulation; that the sea which covers three-fourths of 

rth'a surface is distributing temiieratnre to every shore; that there 

i general winds which periodically traverse the different regions of 

6 globe from the equator to the poles, wliich temper at onoe the cold 
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high hititiidea in their cotn-ee and the heat of the tropical regions^ V 

warming the former and cooling the latter, are all so many ovidencos 
of tlie insignificance of mere latitnde as an indication of temperatnre. No- 
where in the world does this ineignifioance of latitude appear more marked 
thaTi in the eastern portion of the United Statea, nor is it anywhere more 
deserving of attention with relation to the public health. 

^Reasoning upon latitude a^ an index of the geueriil course of clim&- 
tological differentiation, the natnral inference would be that the ex- 
tremely high temperature which occasionally occurs in this region is due 
to the transfer of the heated atmosphere from a more southern latitnde. 
But the facts are quite the contrary — tho temperature in that direction 
at such times is frequently lower. It is not at all uncommon when the 
temperature reaches the nineties in Baltimore, Philadelphia, New York, 
and Boston, that of Charleston and Savannah will be from three to five 
degrees lower; and in the interior of thi; Carolinas and Georgia, and 
along the Gulf coast it is sometimes, at corresponding periods, still luwer. 

And no leas striking is the opposite extreme — the Arctic severity of 
some winter days or weeks, when the temperature is several, and some- 
times many, degrees higher than it is several parallels of latitude fur- 
ther north. The reader who carefully etudiea the records and charts in 
subsequent chapters will not fail to observe tliat there is a genera! move- 
ment of the climatic changes in the United States from west to east, 
rather than from the south to the north, or in the opposite direction. 
Yet these excesses of heat and cold rarely or never occur in the regular 
line of the westerly current south of the 42d parallel. During the 
summer, the Lake district and British America north of the 4:2d parallel 
are warmed by the westerly winds, but south of the 38th parallel they 
seem to exercise no regular influence. 

How far this difference is due to floating masses of ice on the north- 
em sea-coast at one season and the warmth of the Gulf Stream uninflu- 
enced by this condition at another, is mere matter of conjecture. The 
fact, however, is of very great importance iu its sanitary bearings, espe- 
cially during the period of high temperature, as possibly accounting for 
the rise and spread of epidemic diseases, particulary of yellow fever, in 
extraordinary localities equalized for the time being with the usual habi- 
tat of that disease, by the intensifying effect of the high temperature 
on local conditions; and moreover, for the same reason, a special source 
of danger in regard to the rise and spread of epidemic diseases of various 
kinds in places where filth is tolerated. 

Considering tlie properties of the atmosphere, the relations of land 
and water, and the variable surface of the earth from the ocean level to 
the greatest altitudes, it is clear that no true estimate of the tempera- 
ture of the atmosphere is possible, except from actual measurement. 

Appreciating the necessity of something more definite and tangible 
than the zones and mere thermometrical records at different places^ 
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Hombolt marked upon a map all the points at which reliable thermo- 
metrical observations had been made^ noted the degrees recorded^ and 
then traced lines passing respectively through all the places where the 
mean temperature was the same. These he termed isothermal lines. 

During the sixty years which have since elapsed^ similar records have 
been multiplied and elaborated so as to include barometrical pressure, 
the direction and force of the winds, humidity of the atmosphere, pre- 
cipitation, and other observations— as shown in the following Chapters. 



CHAPTER VIIL 

THE WINDS. 

SOW"PBODtrCED — TEADB WINDS — INFLL'BNOB OF THE SEA80KS— TOR 

GRAPHICAL INFLUENCES — RELATION TO CERTAIN DISEASES, 

When tlie air is heated, its weight is diminished and it ascends, 
■whereas that which is colder and heavier flows in to supply its place. 
When, for example, a cloud passes over the sun, the air that is sitnated 
in the line of its passage between the cloud and the earth is, by the in- 
terception of the ann'a rays, rendered colder; this cooled air undergoes 
condensation, and by reason of this, it flows in the direction of the clond. 
The hotter and more expanded air next to it rushes in to supply its place 
and a current is established — this is wind. 

The great atmospheric currents at the equator are sot up in the same 
manner, and in virtue of the same law, the restoration of an equilibrium. 

The heated air of the tropics ascends into the higher regions, and after 
reaching a great altitude, divides and flows towards the respective polar 
regions; meanwhile the air which is near the surface of the sea and land 
on both sides of the equator flows towards it to supply the place of the 
ascending current. Thus we have a double atmospheric current estab- 
lished over the entire globe; that which moves near the surface and falls 
under our observation constitutes the trade winds. The ascending and 
divergent currents are termed the anti-trade winds. 

While the trade winds are observed to proceed with great regularity 
in and near the tropics, more or less variable on account of the relations 
of land and water, the greater the distance therefrom the more dif- 
fuse they become; and finally in the temperate and more northern lati- 
tudes they are influenced to such a degree by topographical conditions 
as, under some circumstances, to appear to be superseded. 

The general circulation of the atmosphere, it seems almost unneces- 
Bflry to remark, is influenced by the seasons. At the end of the summer 
season, the polar regions have for several months had days without 
nights, and the temperature there has become perceptibly milder and 
the air consequently more rarefied. But to days without nights succeed 
nights without days, accompanied by increasing cold and an increasing 
draught upon warmer latitudes for a fresh supply to fill the racaocy 
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caused by condensation. The anti-trade winds flow with augmented vol- 
ume and strength to supply the deficiency, and the cold surface-currents 
flow with & correapondingly increased impetuosity in the opposite direc- 
tion — with proportionate perturbations characteristic of winter. 

As the sun makes its way back again, and the night of the polar 
regions is changed into day, the atmosphere again expands; the equato- 
rial current slackens and dissipates its strength over lower latitudes, and 
summer returns. Each of these changes in the respective hemispheres 
is the reversfl of the other; there is therefore a complete transposition of 
the atmosphere with every change of the seasons from the northern into 
the southern hemisphere, and vice versa. The movement of the atmo- 
sphere in these relatiens is well illustrated in the f olloving diagram from 
Flammarion: 
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"Two leading circumstances cause the atrial currents to travel out 
of the limits comprised in the above circuits, and give rise to two sec- 
ondary circuits {N' and S'); these are, the rotation of the earth upon its 
axis aronnd the sun, and the division of land and water over the globe. 

" The earth turns upon its axis in the direction of west to cast. In 
virtue of this rotation, every point of it completes a revolution in the 
same period of twenty-fonr hours; but in this interval of time all parts 
do not traverse the same distance or move at the same rate of speed. At 
the equator the speed is about 416 leagues an hour; in the latitude of 
Paris it is 373; at degree 56 it is 331 — as at Edinburgh, for instance; at 
the poles it is nothing. 
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" The air which seems to ub to bo in repose at Paris is, in reality mor-*^ 
ing there at the rate of 873 leagues per hour. Let ua imagine this air 
transported to latitude 56" without any change in its Telocity; it will 
continue to travel 273 leagues per "hour. As each point in latitude 56° 
travels 231 leagues per hour, t"he air will gain upon the ground in an 
easterly direction, iit the mto of 42 leagues an hour ! which would con- 
stitute a hurricane. The reverse would he the case if a mass of air, rela- 
tively still, in parallel 56°, were suddenly transported into parallel 492. 
This air would appear to ua to bo travelling from east to west at the rate 
of 42 leagues per hour. 

" In reality these passages of air from one parallel to another always 
take place gradually, and, during their transition, resisting causes of 
Tarioua kinds tend to equalize their velocity. The lessened differences 
none the less continue in operation, and, as the size of the parallels of 
latitude diminishes the more rapidly on approaching the polos, the ef- 
fects pointed out above become more and mow pronounced aa they occur 
in high latitudes. Many tempests are derives! from this cause." ' 

While this explanation of the philosophy of the winds in both their 
origin and their general course is believed to be the correct oue, some 
writers prefer to account for the winds, of the temperate latitudes par- 
ticularly, by the uneqal distribution or heat and of land surface. In 
regard to such views, and to the evidences of a general circulation, 
Blodget observes: 

" The greatest fact of evidence, as well as the greatest practical point 
in relation to the subject involved here is the constancy of westerly 
winds ill the middle latitudes. At the fortieth parallel as an average 
position, and on the isothermal line of 50° for the mean of the year as 
a central line, the evidences of this prevalence and constancy are over- 
whelming; and if, in the interior of the continents, there is a period or 
locality where they are interrupted, it la but an exception to a rule. In 
truth it appears that such interruption only occurs in the months of ex- 
treme heat or extreme cold, and then it is not known that the exception 
embraces more than the immediate surface air, leaVing the upper strata, 
aa is so often evident in the United States, to pursue a regular course 
from some westerly point. 

"In the Atlantic Ocean, where no disturbing land areas exist, this 
west wind is strongest and most constant, so much so that at cer- 
tain seasons sailing vessels cannot make the passage in a line from the 
British islands to New York. The isothermal line which should cou- 
trol the precise direction of these winds, if the supposed cause be the 
tnie one, here runs northeasterly, and the prevalent winds have the 
game direction. Their resultant would be quite accurately along that 
line, and their strength and violence can be accounted for on no other 
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hypoihesia than that of a general movement of the atmospheiB east- 
ward. The aiqjple facts for the Atlantic Ocean alone settle the question 
that other influences than those relating to land and sea simply, or than 
those which generate a sea-hreeze on a narrow coast and a monsoon on 
. the border of a great continent, enter into the account as causes. . . . 

" The resultant at all observed statinus, whether estimated Domeri- 
cally or observed with accurate instruments of registry, is uniformly 
from some westerly point, and the areraga of positions from the 38th to 
the 45th p>'.rallel in the United States is from due west. Prof. Coffin 
has accumulated these observations at great labor, and has deduced their 
resultant in several forms, all concurring to show that a strong and uni- 
form westerly movement belongs to all the middle latitiuiea of the tem- 
perate zone, and one stronger indeed at the east coast of the United 
States than in the interior. If the cause of winds here lay wholly in the 
local contrasts of cool and heated surfaces, the reverse current, or one 
from the cast should prevail, for the summer at least. 

" So far as this belt of westerly winds is concerned, or, more prop- 
erly, of atmospheric movement from tlie west, which may be felt as such 
winds or not according to local circumstances, even where the clonds of 
D moderately high stratum are steadily from the west, it does not appear 
that any evidence could bo stronger than that which has become an in- 
diapntable part of the general knowledge. It is cumulative on every 
hand, and it would weaken rather than confirm it to cite partial statis- 
tics. With the known direction that all storms, either general or local, 
take in the United States above the 32th parallel, it is superfluous to 
seek other evidence that the atmospheric movement is from the west in 
the general level ol cloud formation. The showers and cumulous clouds 
of snmraer always have this movement, and with those, as with the gen- 
eral storms of winter, it is of no consequence what the course of the 
winds at the surface may be. Below the 35th parallel, and on the Gulf 
coast only, do the showers of summer take a different movement, show- 
ing that the stratum occupied by the cumulus of average height does 
not there move from tlie west, but from the east or southeast, an inflec- 
tion of the trade wind mingling with a local coast wind. . . . 

"There is next a proof that such a circulation exists derived from 
the quantity of rain deposited in ttie temperate latitudes, and particu- 
larly in portions of them which are obviously beyond the reach of direct 
sea air. The rains of the Eastern United States fall mainly from the 
upper or westerly cloud in all cases. It is seen to be impossible that 
it should be otherwise, when the phenomena attending it are considered. 
In illustration the common incidents may be cited: A storm may begin 
at Buffalo, with wind and clonds from northeast or southeast, long 
before it la felt at Albany, and though the sky at the moment ia so 
much obscured as to render it impassible to an upper cloud, yet a care- 
ful observer would have seen such an upper cloud preceding the lower in 
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formation, and from whicb the water mast necessarily fall, 
lower clouiJa are but its incident and attendant. The storm may be 
exhausted at Buffalo before it is known at Albany or Boston, at which 
places the sky may be clear and the wind continue westerly. It is im- 
possible that Buch a storm, subsequently being transferred to Boston, 
should receive its principal anpply of water from any other sonrce than 
the mass of air moving from the west. The prevalent westerly winds 
must therefore be largely charged with vapor, and must exhibit a nearly ■ 
constant precipitation either as clouds or rain. ■ 

"In confirmation of this view, we find all this belt of westerly wmdifl 
to be a belt of constant, or equally dislribuied rains. Though changing ' 
place as the seasons change, the region of monsoons rarely or never 
comes within its limit, and there is no known district of periodical rains 
within it except a very limited line on the Pacific coaet of the United 
States, and in this the season of interruption is very short, and the rains 
are extended into spring and autumn. The west winds of the summer 
at San Francisco are an exception and anomaly, falling in the latitude of 
calms for summer, because of the extreme contrasts of the temperature 
of the sea and the interior. 

■"IJhe fact that this belt is one of constant precipitation is strong 
if not decisive proof that it has a supply of moisture from some exterior 
source. In the wide belt of irregular winds and calms, and of trade 
winds which can have no such supply, the most extreme contrast and 
irregularities exist, and it is everywhere characterized by periodical 
rains. Having no uniform supply analogous to that carried to the tem- 
perate climates by the returning equatorial current, it is only in the 
alternation of seasons and of positions that precipitation occurs. 

" Accepting this as the theoretical solution of the winds, or atmo- 
spheric movements rather, of the temperate latitudes, the analysis of 
the observed results is easy. With these regular movements which find 
a general expression in the winds, there are to be found many irregu- 
larities and many instances of abnormal movements, monsoons, etc., as 
parts of the general effect produced by the positions of continents andj 
their relation to the distribution of heat and to the seas." ' ■ 

Prof. Guyot remarks that: ^ 

" If the tropical zone is that of constant and periodical winds, the 
temperate regions are those of variable winds, for all the year round 
they blow alternately without apparent rule from every quarter of the 
horizon. Two winds, however, in our hemisphere, the N. E. and the 
S. W., are more steady, and so commonly prevailing that they may be 
called the normal winds of the temperate latitudes. The N". E., cold 
and dry, is the polar wind deflected by the earth's rotation; the S, W., 
warm and moist, is the returning upper equatorial current, which grad-l 

Climatology of the United States," by Lorhi Blodget, 
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nally descends and reaches the mirface about the 30th degree of latitude, 
blowing from the S. W. The polar or equatorial winds, flowing side by 
aide, or one above the other, but in contrary conditions, encounter each 
other, each constantly struggling for the mastery. Their fierce battles 
are our never-ceasing storms; our latitudes their battle field. They con- 
trol the weather. The S. W. equatorial brings us heat, cloudiness, and 
min; the polar winds, clear sky, dry, cold, bracing air, and sunshine. 
The science of the winds is the science of the weather." ' 

Moreover: " It is fully established that there are on the surface of tho 
earth five systems of winds, which roughly correspond with the zones of 
climate and temperatnre, and that the boundaries of these syatems 
vary in latitude with the change in the declination of the sun. In the 
torrid zone the resultant of the wind is from an easterly direction toward 
a variable middle line, giving rise to what are called the trade winds. 
In the temperate zone, the average direction of the wind is from the 
veet; and again in the arctic and antarctic regions, the resultant is 
from an easterly direction; and, furthermore, the limits of these systems 
ef winds are connected with regions of high or low barometer. Thus, 
in the equatorial regions, the barometer above the middle line is below 
the average height of thirty inches, while along the northern and south- 
ern limit of this region there is a belt of high barometer, and, again, on 
the northern and southern limit of the winds of the temperate zone 
there is a belt of low barometer. The direction of the wind in these 
several regions and the belt of high and low barometer are referred to 
the unequal action of the heat of the sun in rarefying the air at the 
equator, causing an in-drawing current at the surface of the earth, 
which takes a westerly direction on ac(;onnt of the revolution of the 
earth on its axis, and a current towards each pole, which from the same 
reason has a direction from the west. The equatorial current, cooling 
above, descends by its superior weight, at the northern limit of the trade 
winds, producing the belt of high barometer, from which, in opposite 
directions, two currents move, one retnruing towards the equator, form- 
ing the trade wind: and the other, proceeding northward, having a 
westerly component by the revolution of the earth, tends to move in a 
direction from the west. It is probable, however, that a portion of the 
upper wind from the equator flows entirely to the pole, and there, by 
cooling, descends, consequently having a northeasterly direction. The 
point of anion of these two currents produces an U])ward motion, again 
giving rise to the northern belt of the lower barometer." ' 

Dr. Benjamin Ward Richardson remarks — 

"That certain winds are provocative of certain symptoms of disease, 
and that they intensify certain sjTnptoms in those who are suffering 
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from diBeaee, ie a part of universal, as well as medical, knowlei 
Thns the aonthwest wind is known to be unfavorable to acute inSamma? 
tory conditions ; the north and northeast winds to neuralgic and rheu- 
matic conditions ; while the drying, cutting depressing east wind is fatal 
to those in whom the store of vital energy is very low. But here we 
are wanting in the precise part ]>layed by the winds as causes of disease. 
It is not obvious that the winds determine the origin of any disease, 
and whether they intensify any by a special action of their own, inde- 
pendently of heat, cold, moisture, electrical tension, and other such 
active influences, remains to be discovered. . . . 

'"On tlie general subject of winds and geographical distribution of 
disease, we are much indebted to the researches of Mr. Alfred Havilaud, 
who has devoted many years of splendid labor to this investigation. His 
inquiries extend particularly to four classes of disease : namely, rheu- 
matism — its concomitants ; heart disease and dropsy; cancer in females; 
and pulmonary phthisis. 

" Respecting heart disease and dropsy, which Mr. Haviland consid- 
ers are almost entirely dependent on rlieumatism, he infers that : — 
wherever the sea air has uninterrupted access, as over a flat country, up 
broad vales or valleys, and elevated country, we find a low mortality 
from heart disease and dropsy. And that, on the contrary, in places 
where the tidal wave has no access, where the rivers run at right angles 
to its course, or to that of the prevailing winds, there ia the highest 
mortality from the same causes of death. 

"Respecting cancer, Mr. Uaviland infers, 1. That the hardest at 
most elevated rocks, or the most absorbent, like the oolite and chal 
are the sites where the least mortality from cancer is found, 

" 3. That along the river courses which flood their banks, seasonally 
are to be found the districts in which the highest mortality from cancer 
takes place. 

"3. That wherever, from the nature of the rocks forming the water*] 
sheds, the floods are much discolored by alluvium, and where from tl 
flatness of the country the floods are retained and are not easily drainf 
off, there we find the greatest mortality from cancer among females. 

" Respecting pulmonary phthisis or consumption, Mr. Haviland in- 
fers that districts with sheltered positions yield a low rate of mortality 
from the disease. That districts with a general aspect favorable to the 
malign influence or the east wind yield a high death-rate. That damp 
clay soil is coincident with high mortality; and that the elevated ridges 
of non-ferruginous and infertile carboniferous limestone and coral forma- 
tion, and elevated, hard, unfertile, and non-ferriiginous silurian forma- 
tions, form districts of extensive high mortality from the disease. That 
elevated parts exposed to westerly, northwesterly, easterly, and south- 
easterly winds are characterized by high mortality. That a sheltered 
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position, a warm, fertile, well-drained f ermginous soil are coincident^ 
as a rule, throughout England and Wales, with low mortality {rom 
phthisis. '' * 

1 "The Field of Disease, a book of Preventive Medicine," by Benjamin Ward 
Bichazdson, M.D., LL.D., F.B.S., etc., etc., pp. 656-558. 




DBTNESa AND ELEVATIOS^ WITH SPECIAL REFEBENOE TO PHTHISIS 

DETERMINATION OP DRYNESS — U. S. SII5NAL STATIONS KATED IS 
ORDER OF DEYNES3 — RELATIVE BREATHING CAPACITY IN DRY ASIV 
HOIST ALR — PHYSICAL EFFECTS OF EXTBEME ALTITUDE. 



"Dryness and Elevation," according to Dr. Charles DomiiBoi 
one of the most accomplished writers on climate in the United Staten^'J 
"are the most important elements in the climatic treatment 
phthisis." ' lie baeea his argument upon the statement that " an actU'J 
ally small amount of atmospheric moisture is the most important eI&-5 
ment in the best climates for phthisis." 

This proposition he essays to prove, despite the " past theories and 
beliefs of the great body of the medical profession." And in order to- 
be logical, apparently, he assumes that enervation is an essential condi- 
tion of warmth and equability, and so proceeds to defend coldness, vari- 
ability, and sfimitlalion — the attributes of elevation and dryness — against 
enervation. He adopts the mean of inhabited climates as to change- 
ability, as the line between variability and equability, and remarks : 

" While altitude, wind, and exposure have much to do in determining- 
the variability of a cUmate, . . . the principal index of this character is. 
the actual humidity. This real humidity is chiefly governed by tempera- 
ture, for the air can hold invisible vapor in a rapidly increasing amount, 
as temperature changes from cold to hot. Prom such conditions 
solar influence, altitude, latitude, rain, radiation, winds, exposure, etu. 
the temperature of the air is determined ; and these conditions, witl 
temperature as their index, determine the atmospheric humidity, 
is almost permissible, then, to say climate is absolute humidity, so much 
is the latter the key to every attribute of the former." In harmony 
with this, he proposes to subdivide climate as follows : 
1. Exwsaive dryness [^^,i„^,,^bmjy^ 






1 



2. Moderate dryi 

3. Moderate moisture 

4. ExcesBive moisture 



givmg T 

I. giving equability. 



' Paper read before the American Cliraatological Aawxiiatioii, Hay Bd, 1864hS 
w Tork Medical Journal, September 18th and 20th, 1884. 
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T&kiiig the abeolate humitiity in grains of vapor to the cubic foot of 
air, in different portions of the United States, he finds that with very 
Bhght corrections, they can all be made to conform to the following 
Btatement, namely : 

For excessive drj-ness, 40 per cent. 
For moderate dryness, 40 to 60 per cent. 
For moderate moiatnre, 60 to 80 per cent. 
For excessive moistnre, 80 per cent and over. 

"Aa nearly aa could he done, a third of the rating influence was 
pvec to each record indicating dryness or moisture, and the mean be- 
tween these extremes was approximately determined to he sixty-seven per 
cent for relative humidity, sixty-seven per cent of saturation at the given 
temperature of the place for absolute humidity, to be represented in 
tenths of a grain of a vapor to the cubic foot of 'air, and forty-four and 
■ half per cent for cloudiness, zero being no clouds and one hundred 
constant cloudiness." 

But as absolute humidity depends upon the temperature, to avoid 
tedious calculations, he formulated the following rule, and adopted 
Glaisher'fl table : — 

"The relative and absolute humidities and cloudiness in hundreds be- 
ing known of a given place, find the grains of vapor at saturation either 
by vrorking it out from the first two or by referring to the first columns 
in Gl&isher's table,' and then take 40, 60, and 80 per cent of this as the 
dividing lines between the four divisions of climate. Then correct the 
absolnte humidity for the place to be rated by multiplying it by 100 plus 
the excess of the relative humidity above the mean 67 per cent, and 
plus the excess of cloudiness above the mean of 44J per cent, or by 100 
minus these diflerences if they are below the mean. For instance, Loa 
Angeles, Cut., has an autumn temperature of 64', relative humidity 65.2, 
cloudiness 23 per cent, and absolute humidity 4.01 grains to the cubic 
foot. The capacity of the air to hold moisture at the temperature given 
ia 0,54 grains. The rating divisions then are: Excessive dryness, under 
■J. 64; moderate dryness, 2.64 to 3.95; moderate moisture, 3.95 to 6.37; 
and excessive moisture above 5.27 grains. The correction for relative 
bamidity is 02, and for cloudiness 21 per cent, which gives a rating 
number 2.83 according to the rule. This moves Loa Angeles from mod- 
erate moisture back into moderate dryness, its more appropriate position 
IiKthBt season of the year, while Washington, D. 0., with an absolute 
y of 3.73 grains, because of both relative humidity and cloud- 
H being above the mean, is rated forward from moderate moisture 
Id extreme moistnre for the same season. 

"In the last column (4) in this table we have the mean of relative hu- 
midity (67), the mean of cloudiness in hundredths (44^-), and the mean 
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The Rating Table delermmiag the Jfeans of Dryness, made up from 


67 per cent of Saturation, G": per cent for Relative Hnmidity, «»^_ 


AA\ per cent for Cloudiness, and obfainiff One Third of their Sut^M 
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of absolute humidity for diSerent temperatures (column 3) added to- 


gether, and the sum divided by 3 to the tueau of all. By this last, the 


combined mean as to dryness and moisture, all places can be compared, 


the average temperature, relative humidity, absolute humidity, and cloud- 


iness of which are known for a given time. The rule is thus simplified 


to a rating table for all climates. For instance, Denver, for the autumn 


of 1883, with an average temperature of 50.4 F., has a rating mean, ac- 


cording to the table, of 46.3°, while the record shows relative humidity 


of 50.1°, cloudiness 20 per cent, and absolute humidity, in tenths of 


grmns, 18.9. A third of these three is 29.7. Denver then stands 
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io the mean of the United States for that eeasoD as S?.? is to 46.3, 
or 16.6 on the dry side of the mean. New York City, with temperature 
53.0. has a rating number of 47.8, and with K. H. 69.9, cloudiness 51, 
and A. H. 3^.9, gives a record of 51.3, or 3.5 on the moi^t side of the 
niUng mean for the same season. Thus continuing, ull the seasons for 
all the Signal Serrice Stations in the United States were rated. I tlien 
found that twelve, or 13 per cent on either side of the proper mean, 
would include nearly all the excesses or deficiencies. Only exceptionally 
moist or exceptionally dry places would exceed this limit. I therefore 
gave the first six excess or doSciency to moderate moist are and to nioder- 
ale dryness, respectively; and the next six excess or deficiency to extreme 
wotstvre and to extreme drynesn, respectively. The finally accepted 
climatic tuU for dryness can then he simply stated thus: 

" With Ihf combined mean of relative humidity and cloudiness per cent, 
and absolute humidity in tenths of a grain of vapor {column 4), compare 
one-third of the sum of the actual records given of the same attributes for 
UH>f place, and the difference, plus or minus, shows the rate of the given 
flimate," 

In justification of this arbitrary rule giving nearly oae-third of the 
rating influence to cloudinees, he observes: " That the Signal Service 
estimates all over the country, both of temperature, absolute and relative 
humidity, are taken behind the blinds, and the wonderful infiuence of 
tbe sun, the source of every thing that is good in climate, ia hterally 
thrown ' into the shade ' by what we have hitherto trusted as climate rec- 
ords. This is a most important though neglected consideration , eape- 
oially in the clear air of such climates as are found in the western ele- 
vated plateaux, where the powerful effect of sunshine is (juickly recorded 
1)T the metallic thermometer, and its absence as remarkably noted in 
the shade. Were it not that sunshine so often _goes hand in hand with 
Irtw humidity records, I should be in favor of giving it more rather than 
less infinenoe in the rating of climates. 

" To still further localize each climate with reference to others in the 
same division, I snbdivided each of the larger into three smaller divisions 
. . . using figures 1, 2, 3, 4 to designate the four divisions of climate, 
and the letters a. b, cthe appropriate thirds in each, I had ample soui-ce 
from which to choose proper climates to illustrate the discriminating 
operations of my mle, . . 

"As it is during winter chiefly that the invalid must have a change of 
tlimate, the classification for that season, according the rule, would give 
avGi}' desirable table, as follows: 
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Dr. Denison uest briefly considers the influence of temperature, alti- 
tude, latitude, the geasoua, distance from the ocean, mountain ranges, 
absorbing power of the earth, variation, diathermancy of the air, sun- 
shine, abBolnte humidity, relative humidity and dryness indicated by 
variability on atmospheric dryness; and concludes with citations of 
unmerousaiithors, and a summary of his own observations on the physical 
eSects of dryness. After referring to the experiments of Valentin, 
Sanctorins, Lavoisier, Seguin, Dalton, and others, on pulmonar}' trans- 
piration, under varied conditions, he thinks that all these investigators 
have missed the mark be aims at — " which is to determine the amount 
of moisture exhaled (above that inhaled) in a dry more than in a moist 
itmosphere, . . . 

"Temperature and altitude, with distance from the sea, are such 
powerful agents in producing dryness that it is well for U8 to divide our 
own inquiry — namely, the increased pulmonary transpiration in (1) warm 
dry, and (8) in cold dry air. 

"First inwarmdry, as compared with warm moiat air. Let as choose 
Tnma, Arizona; and Jacksonville, Fla. ; for the autumn of 1883, as they 
both had the same mean temperature for that season — 71,3'. Dalton 
assumes in his calculations that the air passes from the lungs in a state of 
wtnrution. and Draper puts the dew-point of expired air at i)4'. Let us 
SMnme that the expired breath brought down to 94" is saturated with vapor; 
th&t an ordinary-sized man breathes eighteen times a minute (Quetelet) 
and expires twenty cubic inches at each breath when at rest (Hutchison, 



7S 

Flint, and others); that he breathes the same amount of air in Jackeon- 
vilJe aa in Yuma, and that the loss by breathing of ^^ to j^u in volume 
(Davy and Cuvier) is made up by the erpausion of the air in the lungs 
being raised from 71.3' to the heat of tlie body, AVe have then the fol- 
lowing calculation: 



Hean temperature 

Weight of -vapor with air saturated (Olaisher).. 

Mean rulative humiditj 

Air breathed in 24 liour 

Vapor inhaled in 34 hours 

Vapor exhaled in 24 houn, with dew-point at 

M° 

Vapor exhaled more than iuhaleted iu 25 hours. 



Excess tor Yuma orer Jacksonville. B64 grains a daj. 

..." Crawford has shown by esperimenta that the exhalation of 
carbonic acid from the lungs is much greater in low than in high tem- 
peratures, and Draper says twice as much carbonic acid is liberated with 
a temperature at 08° as at lOH, while Lahmann ' baa likewise shown that 
exhalation of carbonic acid is greater in a moist than in a dry atmosphere, 
temperature remaining the same.' Therefore we are compelled, in order 
to favor the exhalation of carbonic acid, to take our dryness with a favor- 
able cold temperature. This leads us to the more important compari- 
Bon — that between warm moist and cold dry air. It is here that altitude, 
distance from the sea, etc., come in, as they produce both the coldness 
and the dryness we need. 

" Let us choose Denver and Jacksonville for the autumn of 1883, and 
give Denver the benefit of one-fifth greater amount of air breathed, the 
air there being about one-fifth rarefied. This will account for the deeper 
and more frequent respirations and the corresponding greater activity of 
the heat in ordinary life, but not for the greater increase under severe 
exercise, like climbing hills, etc. 

" We will assume aa breathing in both placea a good-sized man, thirty 
yearsold, breathing eighteen times a minute at sea-level, and expiring an 
average of thirty cubic inches (Dr. Qrehaut), ordinary i 
eluded: 



1 " Physiological Chemistry," Philadelphia, 1855. vol. ii., p. 414. 

' Dr. Lombard, of Qeneva, in a paper preaeated to the International Congress 
of Hygiene, September, 1883, concludes tliut " in the altitudes the digestion, the 
muscular exercise, and tlie lowering of the temperature increase and accelerate 
the exbalatioa of carbonic acid." 




j__ tomperature 

Wfli^t at saturaiion (or given temperature 

gnune in a (pven foot 

Mean relaUve humidity 

Amout oF air breatlied in S4 hours -. 

Vapujr inhaled in twenty-four iinurs 

Vapor Bxlialtd in -ii liours m M' d«w-point . . . 
Tapor exhaled above that inhaled in 24 hours. 



4.44 
.501 
33,120 cub. in., 
or 541) cub. it. 
1.4S1 ^Trains. 
e,OI3 grains. 
7,553 gndDB, 
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.774 
777,600 cub. in,, 
or 450 cub. ft. 
3,901 graias. 
7,610 grains. 
4,5SQ graina. 



Denver's excess in transpiration, 2,453 grains, or 5} ouncea, or If gilla. 

'• This wotild amount to over six ouncefl or one anil a half gill, if the 
considerable espansiou of the air in being raised in the lungB from 50° to 
68' is ttccounted for at Denver. 

" Denver and Cedar Keys, compared in the same way for last winter 
(1883-84), results in 2,935 grains, or 1| gilla more moiatnre being ex- 
haled from the lungs in Denver than in Cedar Keys." 

■' Now, I wish to ask," Dr. Denison queries in conclusion, "Does it 
not stand to reason that this transpimtion of surplus vapor is a most ad- 
mirable vehicle for carrying away effete matter, wasted tissue, and the 
germs of disease (bacilli)? Is it a wonder that thirst for fluids, an 
appetite for food, as well as the ability to digest it, are greatly increased 
in all those who, coming to the elevated interior of our continent, caa 
Btand the strain without disturbance of the nervous system? 

"If the foregoing conclusions are reasonable, can you not imagine the 
deoided influence, especially upon the respiratory activity and function, 
caused by climbing the hills and mountain-sides in Colorado, when ' one 
ftt sea-level, walking at the rate of three miles an hour, consumes thres 
times as much air as when at rest ' (Dr. Edward Smith) ?" 

The foregoing theories and conclusions of Dr. Denison are given, 
not because we indorse them, as may reasonably be inferred from what 
we say, further on, of the salubrity and tonic effects of the atmosphere 
at aea and in forests, where it is essentially humid, but for the special 
value of his deductions and classification of the climates of the United 
States according to their relative degrees of humidity. 

AastiU further illustratingthe physical effects of altitude and dryness, 
with a view, to its wholly impartial consideration from a strictly scien- 
rifio point of view, under the most extraordinary circumstances, the fol- 
lowing extract from an official report by Medical Inspector, Benjamin F. 
Gibbs, C S. Xavy, on the Medical Topography of the Pacific Coast of 
8onth America, will not fail to be of interest and practical utility. 

"The medical topography and climate of this west coast present 
msny i>eculiarities which excite continually, in the mind of the medical 
traveller, an unfailing interest, on account of their direct and visiVde 
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effects upon the animal economy. The climate of the city of Arequipa 
is peculiarly dry, on account of its situation amid the surrounding desert 
of Atacama, and cold on account of its altitude of 8,000 feet. These 
peculiarities give the city some celebrity in both ChiU and Peru on ac- 
count of some wonderful cures which are said to have occurred there, 
of persons who had suffered from tubercles of the lungs. I have known 
several apparently hopelesa cases recover after a residence there of only 
six or eight months, and then return to their homes in Chili, The fine 
stream of water which ruus through the city causes the soil which is 
irrigated by it to yield abundantly, so that the supply of good whole- 
some food is abundant, and which mast always be taken iuto consid- 
eration along with other comforts when persona who are suffering from 
consumption of the lungs are seeking the benefits of a change of climate. 

"Arequipa resembles in climate another place in Peru, the town of 
Jauja, which is situated about 120 miles e-ast of Lima, and beyond the 
western Cordilleru. The place contains about 15,000 inhabitants of 
mixed races, enjoys a bracing climate, and is the great sanitarium of the 
Peruvian capital. Its clear blue sky covers this mild climate, and a 
temperature never varying from 50° to 60' Fab, Dr. Fuenles, of Lima, 
Bays Jauja has always been the refuge of consumptive patients, and 
lengthened experience has demonstrated the favorable results of this cli- 
mate. The proportion said to have recovered, of the total number of 
patients sent to Jauja, amounts to 79i per cent. In view of so favor- 
able a result, the government initiated there, in 1860, a hospital for con- 
sumptives, but which never reached any degree of perfection on ac- 
count of financial embarrassments. 

"Among other peculiarities of climate are those causing the "aire," 
and which are, perhaps, more strikingly exhibited in Peru than in Chili, 
A most singular illustration of its effects was given me by Dr. Heath, 
who is the surgeon employed on one of the Peruvian railroads now build- 
ing from Packasmayo to the Andes. While making this trip over the 
road with him, he informed me that the visible effects of this existing 
cause were quite common in hia experience. Ho mentioned an incident 
he witnessed far up on the line of this road. He experienced, one day, 
OS he approached a party of workmen on the road, a severe and sudden 
pain in his side, causing him to " double np."' He, however, managed 
to walk on, and one of the workmen hailed him to stop and see several 
men who were ili. and had been taken that instant with severe pains, etc. 
What was still more wonderful in his statement of coincidences, but 
which has since been vouched for by others, was, that at the same mo- 
ment he felt this pain he saw two birds, which were flying over, fall to 
the ground, and were picked up dead. The ordinary effects of aire are 
a paralysis of the cutaneous nerves and redness of the skin from dilata- 
tion of the capillaries. This effect on man might, if exerted upon a 
bird, produce sufficient shock to cause death. 
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" It is not astonishing to see a result of this kind realized, when we 
consider that Ptickusinayo is almost under the equator. It ia subjected 
to a temperate climatp, while it is under the influence of a torrid sun. 
Could anything he better arranged to evolve strong electrical currents 
▼here such positive degrees of heat and cold meet on such sharp hues? 
The etrata of air indeed, under such circurastancea, must exist in various 
directions and iu wild contortions. Tlio moat natural arrangement one 
vould conclude to exist is that the alternating strata of hot and cold air 
rest, as it were, on thoir edges, their length running north and south, in 
the direction of the isothermal lines. Were such the case, the least un- 
dulation of such long flowing lines, defined by such sharp boundaries, 
"would deflect at one time cold and at another hot air upon an animal 
fitmctnre, causing violent reflex action, shock, paralysis, or, as in the 
above instance, the death of the birds. These intense effects, he it 
observed, occur usually at great altitudes, the milder effects at a lower 
level. 

" I muKt hasten to notice the special effects of the rarefaction of air 
in the localities in question upon the animal economy, as has been illus- 
trated and most satisfactorily studied during and since the construction 
of the Oroya Eailroad by Mr. Henry Meiggs, the only one in the world 
reaching the altitude of 15,640 feet, I give the following particulars 
regarding tbe effects of rarefied air from my own experience on this road, 
and from the written and oral statements of Dr: G. A. Ward, who has 
been employed professionally on the road since its beginning. 

" The labor employed in building this road was principally the native 
Peruviana of the mountains, who are a short, thick-set race called Ser- 
ranos, and have immense lung capacity. Mr. 8. W. North, civil 
■engineer, ma<le some measurements of these Serranosat Yauliyacu, an 
altitude of 16,000 feet, as follows: 
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Average difference in height between European and Serrano, 73 inches. 
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" This enormous increase in size of the chest ia owing to the rarefactioa 
of the air in which these native^ live, enabling them to undergo an 
active, and even laborious, existence at the:je great altitudes. American 
engineers employed in building the road increased their Inng capacity 
during their labors. One of these, Mr. John Malloy, informed ma that 
the measurement of his chest had been increased four inches in two years 
by exposure to rarefied air in these Andes. 

," This peculiarity of adaptation to the demands of nature enables these 
people to overcome the pains and inconveniences which are experienced 
by persons who ascend the Andes for tlie first time toward their sum- 
mits, and which are known under the names of soroche, veta, puna, etc. 
These symptoms indicate a diminished supply of oxygen, but more par- 
ticularly a diminished pressure of air on the surface of the body and on 
the interior of the lungs, 

" The pressure at the sea-level constantly diminishing as you ascend, 
is found to be reduced to about one-half at an elevation of 16,000 feet, or 
the summit tunnel of the Oroya Railroad, This withdrawal of pressure 
often occasions the most severe symptoms of vertigo, headache, nausea, 
and vomiting, all more or less alarming, and attended with profound 
prostration. Tlie whole are attended with increased respiration and 
rapid action of the heart. Dr. Ward says some are affected with fearful 
nausea and vomiting, comparing it to the worst form of sea-sickness. 
Others suffer from severe frontal headache, palpitation of the heart, etc. 
From the violence of the heart's action it really seems at times as if it 
would burst the walls of the chest. Occasionally severe hemorrhage oc- 
curs from all the avenues of the body. 

" The respirations are increased from three to five times a minute. 
Dr. Ward says he has counted 43 respirations and 148 pulse in a minute at 
an elevation of only 9,000 feet, and that the pulse is n/wnys increased in 
frequency but not in volume. A person who, at the sea-level, has a 
pulse of 75 per minute, would &nd it increased about ten beats at an alti- 
tude of 10,000 feet, and would experience ten additional beats for each 
1,000 feet of added altitude. The role is that no one passes for the first 
time an altitude of 16,000 feet whose pulse does not mount to from 130 
150 beats in a minute. 

" These increased numbers of pulsations are absolutely necessary to 
avert a fatal result. The attending increased respiratory action is not 
accompanied with increase of socretious, but an increased amount of air 
of inferior quality, from actual reduction of the amount of oxygen, falls 
to aerate or properly preserve the fluidity of the blood. 

" Most persons, I feel convinced, attach an undue importance to the 
actual diminution of the quantity of oxygen, per ee, required by the 
human and animal economy generally, resulting in soroche. We know 
that animal life suffers no such violent symptoms as are constantly ex- 
hibited in soroche, when it is at times deprived of a largo proportion at ^ 
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its oxygen, as nnder battened hatches on shipboard, or when air is sur- 
charged with smoke or steam iu which people are obliged to live at or 
near the Bea-level. It must be remembered that symptomB of soroche, 
above described, overtake one as he aits quietly in a comfortable car, or 
more frequently at ni^ht. It is one of the peculiurities of this affection 
that one may go to befl feeling not the elightest inconvenience, and wiil 
bb awakened at midnight with the most agonizing headache, vomiting. 
^^ta^gaspiug for breath which geems to point to impending suffocation. 
^^^K better explanation, it seems to met and one which more completely 
^^Hpu all of the symptoms, may be found by ascribing more of the 
xRRto a withdrawal of the pressure from the body. The immense re- 
daction of one-half the accustomed pressure from the body within a few 
hours allows a determin^ition of blood to the viscera and extremities, so 
that there is actually less blood in active circulation, and the contractions 
of the henrt are probably made when that organ is but partly filled with 
blood. This would account forthe increased action of the heart, without 
seeking a more important or satisfactory cause in the loss of oxygen due 
to a rarefied condition in the air. 

" With this withdrawal of blood to the capillaries, it Is easy to ac- 
count for headache, nausea and vomiting, syncope, and other threatening 
symptoms derived from the brain und nervous centres. We must, hence, 
regard the brain as being iu an aniemic condition, and is thus denied its 
usual stiranlns on account of being inclosed iu its rigid bony case, where 
the direct indueuce of the withdrawal of external pressure is not felt, as 
in the other soft parts of the body. The co-f)rdinating power of the 
bnuQ is thus lost in consequence of the distant distribution of the blood 
to those organs which are directly affected by the removal of external 
pressure, and in which an increased supply of blood produces no dis- 
turbance of function beside that of mechanical distention. Hence all 
of those painful symptoms which are referable to the aniemic condition 
of this part of the vital tripod. 

" Dr. Ward says the persons most disposed to soroche are those with a 
large amount of blood in the body; for example, stout, florid, muscular 
men usually suffer most severely. A popular illusion regarding soroche 
is that persons with large lungs are less liable to it than those with small, 
feeble lungs. The special liability of stout, large-chested men to soroche 
ii most satisfactorily accounted for, if we admit that the removal of 
the external pressure la the principal factor in producing this affection. 
■ The large expanse of surface and large viscera, by becoming temporary 
receptacles for an increased amount of blood, act by withdrawing ao 
ranch from the active circulation, causing direct amemia of the great 
nerve centres. The brain is no longer a plenum. The heart is deprived 
if its normal stimulus, and in its enfeebled condition resorts to increased 
action to supply urgent demands in the economy, but not for an increaae 
of oxygenated blood particularly. 



84 ALTTTUDK. 

" Au instance is related of a party which paseed an entire year at Ga- 
lera, which is the summit tunnel of the Oroya road, and haa an elevation 
of 15,645 feet. This party of engineers, upon visiting Lima, all suffered 
eevereiy for several days before becoming again accuBtomed to the dense 
air of the sea coast. The theory of Dr. Ward and others, in attributing 
this suffering to a change in the quality of the air, whereby an excess 
of oxygen was introduced into the blood, would not account for the 
syncope in his own case in Lima, where there was a sudden call by tele- 
graph for his services, which obliged a descent of 16,000 feet in two 
hours. His theory, that in this descent there is a "liability of the air- 
vesicles to collapse, and the retention of foul matters within them a a 
<!ause of disease," is hardly tenable, because an increase of density pro- 
vides an increase of oxygen, and an increased agration of the blood within 
defined limits; so that the increase of vesical surface acquired by resi- 
dence in au attenuated air could exert no other than a proper result, 
even were the transformation of a reduction of surface to be wrought 
instantly. A considerable period might elapse without any reduction of 
this increased aerating surface, and without any injurious effect. 

" Supposing a denser air to be breathed, no increased quantity of osy- 
gen would be absorbed, as it has been demonstrated that in breathing an 
increased quantity of oxygen gas no more is used in the lungs than ia 
necessary for the production of watery vapor and carbonic acid gas in 
eliminating carbonaceous matter from the blood. 

" But after making this sudden descent, which is often done in a 
hand-car, at the rate of forty to sixty miles an hour, by resorting to the 
theory of increased pressure upon the body, the symptoms are more satis- 
factorily explained. The long 'residence at the summit provoked an in- 
creased vital contractility, which is inherent in all vital tissues, and 
pre-erainently in the dermis. This increased vital power, which is de. 
manded to complement the loss of air-pressure, upon descending to the 
sea-level remains unaltered. The air-pressure being now added to this 
peripheral tone of the body causes a centripetal determination of blood, 
which is felt acutely by the braiu and all the nerve-centres. The syn- 
cope, increased respiration, and palpitation may be thus accounted for. 
The reduction, as it were, of the size of the body in the vascular system 
demands, on account of mechanical congestion o£ all the viscera, an in- 
creased action in the heart and lungs, whereby the blood may be rapidly 
agrated and rapidly passed off by the secreting and excreting surfaces. 
The resort to purgatives and depleting measures, under the effects of a • 
rapid descent, ia beneficial, which is a therapeutic indication of the cor- 
rectness of my theory, and which I never have seen before explained.'" 

■ " Hrgieoe and Medical Beporta hy Medical Offloets of the U. S. Navj." Vol. 
iv., 1870. pp. 360-277, 






CHAPTER X. 
ATMOSPHEKIC PRESSURE. 



Tee influence of changes in the weather on the sensations of persons 
afflicted with some diseases, preceding rainfall, has long been rocogniied, 
and since the discorery of the pressure of the atmosphere and of the 
barometer with which that pressure is measured, the knowledge of a 
cloee connection between the fall of the barometer, aud painful Bensations 
experienced by persons afflicted with rheumatic and neuralgic diseases, 
has become general. But the tnie relation of the fall of the barometer 
to each painful sensations was first clearly explained by Dr. Andrew H. 
Smith, of New York, in his study of the "Caisson Disease," during 
the early progress of the East River Bridge.' 

Under the ordinary pressure of the atmosphere, fifteen pounds to the 
square inch of the surface of the body, all the functions of life are 
naturally exercised. When compressed iiir first began to be employed in 
the sinking of piers, about thirty-five years ago, it was soon observed 
that when workmen were exposed to these pressures, they were subject 
to peculiar pliy si ©logical changes. The hloQ<l in their veins became of 
the same red color as that in their arteries, the respiration was quick- 
ened, the action of the skin was profuse ; and when the men returned 
10 the ordinary pressure of the atmosphere, they suffered with pain in 
their limbs, giddiness, and other sj-mptoms of nervous disturbance : in- 
romuch that the period of labor had to be very much shortened. Tak- 
ing ten hours as the standard time for a day's labor, it was reduced under 
two atmospheres to half time, or five hours; under three atmospheres, to 
une-third time, or three hours and a half ; aud under four atmospheres, 
to one-fourth time, or two hours and a half. 

In the East River Bridge caisson, at the beginning of the work, the 
pressure of the air necessary to keep the water out — which pressure in- 
creased in exact proportion to the depth — was about eighteen pounds to 
the square inch, while at the close of the work it stood at thirty-sis 
ponnds. As the depth increased, the hours of labor were reduced, until 

'"The Effects of High Atmospheric Pressure, including the caisson diseases.'' 
fme easor of the Alumni Association of the College of Physicians and Surgeons. 
New York. 1878. By Andrew H. Smith, M.D., Surgeon to the New York Bridge 
Company, Member of Academy of Natural Sciences, Philadelphia, etc.. etc 
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at last the two shifts comprised but four hours, divided by four hours 
mterval. It was not until the pressure had reached about twenty-four 
pounds that any serious effect upon the men was observed. All who 
were suffering from heart or lung disease, and those enfeebled by intem- 
perance were excluded, and rigid health rules were exacted in regard to 
diet, temperance, sleep, etc., when off work ; and allowing no workman 
to enter the caisson who was at all sick. Their ages ranged from eighteen 
to fifty. The habits of many of them were unfavorable to health, but 
everything practicable was done to restrain them from excesses. 

The physical conditions to which the men were subjected in their 
work were very peculiar. In the first place, in passing through the lock 
in going down, there was a very sudden rise of temperature from the 
condensation of the air. This rise amounted to upwards of 30° F. in 
many cases, and not infrequently, when the outside temperature was 50' 
or 60'. This change of temperature was coincident with an increase of 
atmospheric pressure of from eighteen to thirty-sis pounds to the square 
inch. At the same time, the men passed from an atmosphore of unusual 
dryness to one saturated or super-saturated with moisture. The effect of 
this. Dr. Smith observes, was : — 

"The clothing quickly became saturated, but a little examination 
served to show that in the New York caisson, at least, there was really 
no incre-ase of the secretion from the skin, but that, instead of evapora- 
tion, the moisture accumulated upon the surface, and thus simulated 
excessive sweating. This was owing to the moist condition of the at- 
mosphere, which rendered the drying of the surface by evaporation im- 
possible. The atmosphere possessed to an extreme degree the quality of 
"mugginess," and the apparently profuse perspiration was merely an 
exaggeration of what we suffer from in very damp weather, even though 
the temperature be not extreme. 

" So far from the perspiratory glands being stimulated by the density 
of the atmosphere, it is probable that the auiemia of the skin, resulting 
from the pi'essure upon the surface, would, tend to lessen the secretion 
by diminishing the supply of blood to the glands; and that there was 
no undue amount of fluid carried off through the skin was shown by 
the absence of thirst. Special importance is attached to this observa- 
tion, of the apparent increase of perspiration only, as bearing upon the 
theory of excessive waste of tissue, in which the perspiration is supposed 
to aid." 

With respect to the effect of compressed air on the digestive 
organs, for a time at least. Dr. Smith's observations are in accord with 
others — that the appetite is increased to a marked extent. It was fre- 
quently remarked by the men working in the Bridge caisson, that their 
work made them unusually hungry, that they "could not get enough 
to eat, etc." 

The " caisson disease " Dr. Smith defines to be "a disease depend- 
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iug upon ifuireaaed atmospheric pressure, but always developed after the 
fr**$urt it removed. . . . The one eeii^utial CHUse, without which the 
diaeaM omb never be developed., ia the transition to the normal atmo- 
t p tisritprtt»vre, after a prolonged sojourn in a highly condensed atrno- 
sphere. Hence we have to cousider two elements, jirea^ure and lime. 
As the moiuentuia of a moving body is found by multiplying the weight 
by the velocity, so the danger in these caaes ie as the degree of pressure 
to which the person has been exposed, multiplied by the duration of the 
exposure. 

" But inasmuch as a prolonged sojourn in the caisson does not in every 
case produce the disease (many of the men employed escaping it en- 
tirely), it follows that there must be concurrent causes which determine 
its development. This is what we observed in many other diseases of 
specific origin. Thus the essential cause of intermittent fever is expo- 
sure to a peculiar malaria, yet only a portion of those so exposed are 
affected by the disease. 

" The first of the concnrrent causes of the caisson disease is a special 
predisposition. This is occasionally strongly marked, some persons being 
affected by a short exposure to a low pressure from which there would 
generally be experienced no inconvenience whatever. 

" The study of these cases has led me to the suspicion that they afford 
« key to the singnlar, though very common, predisposition to pains in 
the limbs on the approach of a storm. These pains are generally con- 
4ldsred to be of a rheumatic character, and to depend upon the damp- 
WM of the atmosphere. But inasmuch as the disease we are consider- 
ing affords examples of pains precisely the same in character, but 
immensely intensified in degree, resulting from a diminution of an at- 
mospheric pressure to which the system had adapted itself, and irrespec- 
tive of any question of humidity, analogy suggests that the so-called 
rheumatic cases are simply exaggerations of a predisposition, identical in 
kind with the one under discussion, and are produced by the low baro- 
metric condition of the atmosphere which precedes a storm, and not by 
the influence of moisture. It is true that the change in the pressure is 
insigiyflcant when compared with that which produces the caisson dis- 
ease, bat it is supplemented by the immensely greater duration of the 
higher pressure to which the subject has been previously exposed. Per- 
sons suffering in the manner referred to, regard themselves as walking 
hygrometers, and are accustomed to say, ' I feel the dampness in my 
hones.' I would suggest that they are rather barometers, perhaps quite 
ae sensitive as the instrument of Torricelli." 

Upon this reasoning and other inferences which he has drawn from 
his researches. Dr. Smith explains why some cicatrices, such as those 
(ollowing gunshot wounds, are especially prone to neuralgic pains during 
change of weather. He also explains why, on bright days, when the air 
is clear and the barometer is high — that is to say, when the greater at- 
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moBpheric pressure on the surface drives the blood into the interior of 
the hody, and especially into the organs in closed cavities, ench as the 
brain, the mind is active and the nmscles vigorous ; while, on the con- 
trary, on damp, foggy days, mental effort is irksome, the limba drag, 
the appetite poor, and the whole tone of the system lowered. 

Dr. Benjamin Ward Richardson, in commenting upon Dr. Smith's 
observations, remarks : 

" The changes are more distinctive still in those who are prone to 
disease, and in whom tJie vessels are already enfeebled or changed in 
etructure. There can he no doubt that the effects of reduced pressnre 
tell with intense force on large populations who are already en- 
feebled. . . . 

" Whether the variation from high to low pressure ever acts as a pri- 
mary cause of disease it is impossible to define, but that it acts as an ex- 
citing canse of the most serious character, on persons predisposed to 
disease, there can be no doubt whatever. A sudden reduction of the 
atmospheric pressure, which means a fall in the barometer, is attended 
with risk of pressure of blood, leading to pressure on nervous fibre and 
production of pain; to internal congestion, to fever, to apoplexy ; while 
an increased pressure, which means a rise in the barometer, is attended 
with greater risk of injury from physical or mental shock. 

" The effect of the variation extends in j-et another direction," as 
pointed out by the same author in an essay on " Meteorology in Rela- 
tion to Surgical Practice," " that the atmospherical pressure plays an 
important part in the results of surgical procedures, and that with a 
falling barometer the chances of success are reduced," ' 





SEA-COAST PLACES AND OCEAN AIE. 



WSULAR AXD SEA-POAST PLACES — WARM MOIST CLIMATES — SEA-AIR 
PROPER — RATIO OF DEATHS FROM CONSUMPTION TO OTHER DIS- 
EASES AMONG SEAMEN — SPECIAL BENEFIT OF AN OCEAN ATMO- 
SPSERE TO CONSUMPTIVES — OZOSE tS OCEAN AIE — PURITY OF 
OCEAN AIE AND ITS GENERAL SALUBRITY. 

Teb air of insular and sea-coast places is essentially damp, and if such 
places are beset with accumulated debris and a filthy soil, they are un- 
healthy in the extreme. But on the contrary, if they are free from 
local contaminating influencea and subject to escessive rainfall, and so 
situated aa not to be exposed to winds that trend with the coaat, though 
the atmosphere he never bo damp, such places are not commonly in- 
(alnbrTous. Indeed the heavy rains of some aea-coaat places are greatly 
coQtribntive to the purity of both the atmosphere and soil; and in cold 
latitudes especially, the moderating influence of the sea on the teraperatore 
renders them not only more endurable, but, as measured by results, more 
aalotary for invalids affected with pulmonary diseases than the dryer. 
Bolder, and more variable temperature of interior places of the same 
latitude. 

The northeast winds of the Atlantic States are insalubrious, because 
they Bweep down the fogs and mists of a northern sea-shore. But, on the 
contrary, the southeast and southerly winds are clean and healthy, be- 
csnse they are from the warmer latitudes and from the pure surface of 
the ocean. 

Warm insular and sea-coaat places, with a clean soil and devoid of or- 
ganic matter in process of putrefaction, are commonly free from pul- 
monary diseases, aud generally healthy. Countries thus favorably 
iitaated are proverbially associated with the personal beauty of their 
inhabitants, and are in all ages more or less celebrated for the beauty of 
their women. But this characteristic is chiefly confined to the warm 
olimates of temperate latitudes. 

In tropical climates, development is more rapid, the period of puberty 
earlier, and the beauty of childhood marked; but the beauty of the child 
in such climates is not unf requeiitly merged into a womanly beauty of 
Tery ahort duration. And in locaUties where the atmosphere is moist 
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and very hot, the inhabitants are usually of feehle physique, and partico- 
lai'ly prone to liver disease. On strangers the effect of a moist hot climate 
is one of intolerable lassitude and depression. 

Sea-aih is remarkable for its Balubrity, notwithstanding its humidity, 
and some of the insular and Gulf-coast places of the United States, with 
prevailing southeastern and southerly winds, approximate the condi- 
tions of an ocean atmosphere. But sea-air proper, that ia to say, the 
onean atmosphere, is generally less damp than the air of sea-coast places, 
however favorably they may bo situated. For example: 

" The mean relative humidity of the air at noon, as observed during 
s voyage from Melbourne to Loudon, via Cape of Good Hope, was 
found to be 77 (100 representing complete saturation), while in a dry 
locality in the neighborhood of London the mean for the year, as 
recorded in 'The Weather of 1880.' by Mr. Mawley, was 83. But this. 
Dr. Wilson remarks, 'represents the mean of three observations taken 
respectively at 9 a.m., 3 p.m., and 9 p.m. A fairer comparison would 
therefore be with the mean of the three-o'clock observation, which for 
the year gave 71.5.'" ' 

But there can be no question as to the general truth that the ocean 
atmosphere is considerably more moist than the air of corresjwndiDg 
latitudes on the land. 

Observations of our own, covering a period of sis months, from June 
to November, inclusive, 1852, during a cruise on the West Coast of 
Africa, extending from Porto Praya, Cape du Verdea Island, to Mon- 
rovia, along the coast south to St. Paul de Loando, seaward to St. Helena 
and back to the Cape du Verdes, give a difference, between the dry- aud 
wet-bulb thermometers, recorded at 8 a.m., 12 m., 4 and 8 p.m. daily for 
the period: 

Maximum 0,20' . Minimum 0'. Mean 3.3S\ 

The maximum was at the Cape du Verdes, and saturation, during 
rains while on the coast. But singularly, the largest average number of 
persons on the sick-list was during the time of the least atmospheric 
moisture while at Porto Praya. 

It is interesting to observe in this connection, and germane to the 
effects of atmospheric moisture in an unhealthy climate, that cmising 
was uniformly accompanied by a reduced sick-list, and that the healthi- 
est ship in the squadron was the one which was at sea for the largest pro- 
portion of her time — the " Dale." 

Out of a total force of 750 in the squadron, there were 1,661 cases of 
disease treated in two years ; 9 or ,54 per cent were for jjhthisis pul- 
monalis. The number of deaths was twelve — none from phthisis. 

'"The Ocean as a Health Resort," etc., by William S. Wilson, L.R.C.P. 
Lond., M.R.C.8.E., p. 9. 
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Medical director Thomas J. Turner, U. S. Navy, has kindly fur- 
nifihed the author with the following: 

Abstract of Vital Statistics, showing the Ratio of Death from Phthisis 
Pulmonalia to Deaths from all Causes in the United Staten Navy 
for ten years. 
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It may perhaps be objected by those who are disposed to regard a 
moi^t atmosphere as predisposing to consumption under all circumstan- 
ces that such results as the foregoiug are any evidence whatever to the 
contrary — that the navy represents picked men who are ascertained to 
\e free from predisposing causes. But it should bo borne in mind that, 
luvording to the most reliable stjitisticH, only about one-fourth of all 
cases of phthisis are found to be hereditary — three-fourths of the cases 
are acquired by the manner of life; and the life of the seaman, especially 
tbst portion of it which he spends on shore, free from the constraints of 
ship discipline and the involuntary benefit of a sea atmosphere, is not 
such as to promote his exemption. And, unfortunately, many physi- 
cians, as well as other people, seem to have jumped to the conclusion 
that Itecause it has been shown that a filthy, cold, soiV-moisture predis- 
poses to consumption, safety is to he found only in an excessively, or at 
least relatively dry atmosphere, beset by no matter what compHcations. 
But so far as statistics are obtainable, evidence is wanting to substanti- 
ate such a conclusion. 

According to Wilson, in England,' "the registration returns of deaths 
amongst sailors of the mercantile marine show that the proportion of 
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deaths from conenrnption, as compared with those from other cauaes, is 
ten limes less thau it is amongst the English land population. But if 
we take onlj the deaths that occur between the ages of fifteen and forty- 
five (the usual period during which sailors remain at sea), we ehall find 
the result still more favorable — the proportion of deaths from consump- 
tion as against those from all other causes being sixteen times less at aeb. 
than on land. 

"Next as to the remedial effects of the ocean climate in the treatment 
of consumption. Dr. Theodore Williams has published statistics of 
eighteen cases in which the sea treatment received a thorough trial. Of 
these eighteen cases, sixteen improved, one remained stationary, and only 
one became worse. As some explanation of tlie extremely favorable re- 
snlts shown in this series of cases, it should be mentioned that the pa- 
tients were carefully selected for treatment by physicians of great expe- 
rience, and that several of them made more than one voyage, 

"With regard to thirty-eight oases of consumption which have come 
under my own observation, the results were as follows: 28 improved, 4 
remained stationary, 3 became worse, and 1 died. These cases were by 
no means selected. In some of them the disease was very far advanced 
— this was particularly the case with the throe cases which became worse 
during the voyage. As regards the case that ended fatally, tlie patient 
had been for some time in the colonies, and was being sent home without 
any reasonable hope of hia living to reach his destination. But even 
including these four cases which ought not to have been sent to sea at 
all, the results are most encouraging and will compare favorably with 
any series of cases treated in the most favored health resorts on 
shore. . . . 

" Scrofulous affections of the joints and glands, and all kindred affec- 
tions, may, in certain stages, be most successfully treated by means of a. 
sea voyage. It would, of course, be inadvisable to send a patient to sea 
while suffering from the more acute forms of joint disease, as the con- 
stant surgical attention and the many appliances and comforts required 
by the sufferer could scarcely be obtained on board ship. But when the^ 
more active symptoms have subsided, and, as is so often the case, the- 
disease assumes a chronic form, the slow and tedious convalescence may, 
in suitable cases, be wonderfully hastened by a sea voyage of some dura- 
tion." 

Dr. Benjamin Ward Bichardson remarks that: " The influence of a 
seafaring life as a preventative of phthisis has been matter of important 
observation. In 1856, Bowdin showed that while the deaths from con- 
sumption in the British army were, in the Line, 8.9 in 1,000 men; in the 
Guards, 12.5 iu 1,000 men; in the British Navy, from 1830 to 1856 in- 
clusive, the deaths from phthisis were 1.76 in 1,000 men.' 
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Various nervoaB affections, the effects of oTer-work and debility of 
mind or body, are also among the conditiona for wliich a sea voyage, at 
IrAst, if not a prolonged exposure to an ocean atmosphere, affords 
aoporior benefit. 

XJnfortnnately. in the United States, except those above given from 
naval sonrces, there are no records of any value on the vital statistics of 



" The term seaman, wherever employed in legislation relating to the 
Marine Hospital Service, shall be held to include any persons employed 
on board, in the care, preservation, or navigation of any vessel, or in the 
service, on board, of those engaged in such care, preservation, or naviga- 
tion." ' 

The Marine Hospital Service reports comprehend all cases of dis- 
ease treated — including women and children and servants, of and from 
among all persons employed as river boatmen, ferrymen, canal boatmen, 
etc., and their families, as well as seamen; of persons, in short, sub- 
jected to conditions in conflict with health probably unequalled by any 
other avocation. Notwithstanding, so far as can be gleaned from the 
reports of the Marine Hospital Service for the last ton years, the ratio of 
deaths from consumption to other diseases among these people is about 
15 per cent — considerably less than that given by the census reports of 
the New England States and of some others. 

Besides an excess of moisture, compared with the mean of 0.8A vol- 
umes, the ocean atmosphere contains at all times more or le^s of infinitesi- 
mally divided particles of sea salt. Yet, considering the purity of the 
vapor and the perfect solubility of the salt, it is ditBcult to conceive of 
any possible state of the human system under which the inhalation of 
fluch air would be detrimental. But, on the contrary, as already shown, 
in some of its states, the constant inhalation of these particles, contain- 
ing, aa they do, the important constituents of sea-water, is well adapted 
to produce very salutary, and in most cases of chronic pulmonary dis- 
ease, decidedly beneficial effects. 

Cold and heat are much less intense and oppressive in the same lati- 
tades at sea than on land, and there is much greuter equality of temper- 
ature for night and day. In the open sea the temperature of the air has 
never exceeded 86*. 

Moreover, the higher electrical state of, and the more constant 
presence of ozone in, the atmosphere, the complete absence of sus- 
pended matters, barring certain exceptional regions, and the more 
common prevalence of the winds than on land in the same latitudes, all 
coatribnte to the geueral salubrity. 

The winds are a fertile source of health, because they serve to equal- 
ise temperature and to scatter pernicious effluvia and condensed vapors, 

' iteviaed Statutes, 1875, Cliap. 153. See. 3. 
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though they may in Bome cases be unfavorable, according to the region 
over which they pass, from which tiiey set out, or the su6i>endcd matters 
which they contain. The writer has himself seen the whole atmosphere 
tinged of pinkish color by tfie dnst-!aden winds over two hundred miles 
from the land on the west coast of Africa. The dust in the air of the 
high altitudes of some of our Eocky Mountain and Pacific States (more 
particularly noticed further on) is a scarcely leas prominent example. 
The simoon of Africa and the sirocco of Italy also owe their characters 
to the condition of the localities over which they pass. 

But, notwithstanding these exceptional cases where the winds are 
the media of pernicious iufluences, and to a certain extent favorable to 
the development of disease in places distant it may be from their prime 
source, tlieir general benefit is universal. For miasm once effectually 
"scattered to the winds" is in a gulf of destruction only as complete as 
that whicli attends human beings in windless abodes. 

The influence of the ocean air-currents is most powerfully felt far out 
at sea in the trade-wind regions. Differing as these winds do in many 
respects from anything that is experienced on the land, it is not sur- 
prising that they should, as they do, impress upon many persons an ex- 
hilarating effect peculiar to themselves. To many nervous invalids, 
especially the "champagne atmosphere of the trades," as it ia not inap- 
propriately called, is a tonic and stimulant of the most powerful kind, 
scarcely attainable by any other means. 

In short, sea-air proper possesses no deleterious qualities whatever. 
The bracing and hardening effects of it are proverbial of seamen of good 
habits the world over. 

The ill effects sometimes attributed to sea-air are either owing to bad 
habits or to the want of ship-ventilation and due regard to cleanliness. 
For on board ship, as everjTvhere else, no truer maxim can be acted upon 
than that the want*of purity is the want of health. 

Light is a collateral benefit of sea-air; and doubtless not a little of 
the rigidity of tissue and hardiness which characterizes the sailor is owing 
to the influence of light. Free access of light favors nutrition and regn- 
larity of development, and contributes to beautify the countenance; 
while deficiency of light is usually characterized by ugliness, rickets, and 
deformity, and is a fruitful source of scrofula and consumption in any 
climate. 

Light is among the most important, and yet one of the most com- 
monly neglected conditions of a healthy life. This neglect is doubtless 
due to the intimate relations of light with pure air. To fully appreciate 
this relation, it is only necessary for us to remember that thickly shaded 
and dark places, and dwellings so situated as not to admit the sunlight, 
are commonly unhealthy. 

Plants deprived of light become white, and at the same time acquire 
of water in their tissues, which renders them tender and brit- 
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He. Thia ia specially eTident in celery, with which all are familiar. It 
is equally so with other vegetables, and the graaa and weeds on the shady 
side of fences and under ledges of rocks, if the sunlight ia excluded, 
are always imperfectly developed, weak, and sickly, and rarely bear 
flowers or fruit. 

Edwards made a series of experiments with reference to the effect of 
light on animal life. He found that by excluding the light from tad- 
poles, development was arrested — they ceased to grow. Professor Wil- 
liam A. Hammond, of New York, has repeated the experiments of Ed- 
wards, with the same results. Dr. Hammond has also experimented 
with other animals. 

Two kittens, twenty days old, one weighed eighteen ounces, and the 
other eighteen ounces and a half. The first one was placed in a box to 
which the light of the sun had free access; the second in a similar box 
from which the light was excluded. Both were fed alike, and given the 
same care in all other respects, except light. At the end of the first five 
days, nnmberonehadattoined the weight of twenty-two and a half ounces, 
while namber two weighed hut twenty and three-quarter ounces. At the 
end of a second period of five days, number one weighed tweoty-fonr 
ounces, while number two scarcely weighed twenty-two ounces. The 
two were now placed together in the box which was exposed to the light. 
Mid at the end of the third period of five days each weighed within a 
traction of twenty-five ounces. Hnmbolt ascribes the infrequency of 
deformities among the native Mexicans, Peruvians, and other native 
Americans to the fact that they are from childhood subjected to the 
free influence of solar light upon the whole surface of the body. 

All good medical observers have remarked the pale and sickly 
bodies, and the frequency of deformities among people who live in 
housee inaufficiently lighted, and particularly among persons who work 
in mines, and persons who live in dark courts aud basements into which 
the aun rarely or never shines. Such persons are extremely subjected 
10 palpitation of the heart, dropsy, and hemorrhages, and when taken 
!ick with any disease they rarely recover. 

Dr. Hammond also particulary remarks upon the situation of school- 
houses, often such as to wholly exclude the sunlight from half of the 
rooms. And in these, excessively crowded as they often are, the pupils 
are like the sickly plants — etiolated, weakly, and frequently deformed. 
So room should be used for a school which does not admit of sunlight 
at least two hours every day that it shines, ' 






" Sanitary Influeuce of Light." The Sauitariuu. Vol. I., p. Si. 
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The influence of foreata in producing and modifying tlie effects of a 
humid state of the atmosphere is, in some respects, comparable with the 
■Bea-coaet and the oceiin. The great " Dismal " Swamps of Virginia and 
the Caroiinaa, for example, are known to be healthy in the interior, 
even for the white man, while on their borders, or in portions where the 
trees are felled, they are like the sea-coast — commonly insalubrious. 

The same conditions obtain in the Mexican Gulf region and on the 
west coast of Africa. On the borders of the great forests, or wherever 
they are interspersed with sandy plains or sparse of trees from other 
causes, fevers prevail; while in the denser regions, and especially where 
the forest consists of spike-leaved trees, fevers are ordinarily absent. In- 
deed, the common belief that intervening trees even often afford protec- 
tion against malarious marshes is founded on observations sufficiently well 
verified to be accepted as a general truth. And, as truly remarked by 
Becquerel, more than thirty years ago, "Humid air charged with mias- 
mata, is deprived of them in passing through a forest."' Yet forests are 
in themselves store-houses of moisture everywhere. 

That forests are commonly salubrious is probably due to the joint 
functions of the trees in draining the soil, distilling the moisture, 
emission of aromatic vapors, particularly of the pitch-pine and eucalyp- 
tus, and absorbing the emanations of vegetable putrefaction. And here 
it may be remarked that while moisture is an indispensable condition of 
forests, they do not have, as is popularly supposed, much, if indeed 
any, influence over the rainfall. Those who hold that they do, mistake 
effect for cause — the rain produces the forest, and not the forest the rain. 

Soil drainage is naturally accomplished in forests by the processes of 

' Becquerel: *■ Dee Climats et de I'lafluence qu'exercent lea sola boisea et non 
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and decay of the rootB of the saplings and trees. It is partica- 
manifest in pine forests, proverbial for their salubrity. No boy 
*bo has erer engaged in the sports of hare-hunting in a pine thiclcet, or 
farmer who has cleared pine lands, that has not acquired some famil- 
iarity with etump-holes — the holes left by the decayed tap-roots of the 
young trees. All forests spring up at first in thickets, and as the yonng 
trees enlai^e and become crowded for want of room to spread their 
branches, the "survival of the fittest" soon becomes a condition of 
their existence. The tender saplings, as they die out and give room, 
also bequeath benefits to their survivors by establishing a system of 
drams promotive of their healthy development. This they do by the 
mode of growth and decay of the roots. The growth of the pine espe- 
cially affords an admirable illustration. 




The tap-root, penetrating from a few inches to a few feet in depth) 
Hocording to the size of the sapling or tree at the time of its death, with 
its nomerons radical branches, as they decay, establish a natural system 
of soil drainage, which maybe studied with profit by engineers and agri- 
culturists. This drainage system of pine thickets begins when the trees 
are quite small. 

All observers know that pine thickets are of exceedingly thrifty 
growth. During the first year, from the time the seeds take root, 
the trees grow to the height of from twelve to twenty inches; the 
second year, three times as much — three to four feet; and by the 
pnd of the third year the yonng trees are from eight to ten feet high, 
aad the thicket almost impenetrable, and at about this time the weak- 
lings begin to perish. The sappy roots decay with wonderful rapidity, 
leaving in their places an inimitable network of soil-drains. The system 
is by no means confined to pine forests, though it is, perhaps, more clearly 
manifest in them than in others. No matter what the kind of forest, 
nor how old the trees, as all trees grow as long as they live, and as young 
trees are constantly springing up and contending for the mastery, the 
weakliest of both old and young are as constantly dying out to give place 
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to the more hardy, and thus this natural system of drainage continues as 
long aa the forest lasts. Moreover, thia process of soil-drainage by plants 
is far from being confined to forest trees; it obtains more or less with all 
plants. There is probably no region ol country in the world where its 
beuefita are more striking than in the growth of the willow on the lower 



Immense areas of oyerflown areas thereabouts, from time to time, 
are, in an almost incredibly short period of time, covered with impene- 
trable willow thickets, in active process of transforming swamps into dry 
and salubrious soil. And although the roots of the willow are without 
central taps, what they lack in this respect is fully compensated for by 
the great extent and thick interlacing of the lateral radicals, their won- 
derful power of absorbing moisture from the soil, and, when the saplings 
thin out and the roots decay, the otherwise compac't soil, by the river de- 
posit, is converted into a loose and fertile surface. And the immensity 
of the leaf-surface of willow thickets distilling the water absorbed by 
the roots is beyond calculation. 

Aa an illustration of the extent of foliage expanse, an instance is 
cited in Gray's First Lessons in Botany and Physiology of an estimate 
made a few years ago of a single tree — the " Washington Elm " — at 
Cambridge, Massachusetts, a tree of no extraordinary size, but it was 
computed to produce a crop of seven millions of leaves, exposing a sur- 
face of two hundred thousand square feet, or about five acres of foliage. 

From this example of the evaporating and radiating surface of foliage, 
we gain some appreciation of the hygrometric and thermoscopic eflect of 
forests. In the tropics, and in the summer season of temperate climates, 
the trees impose a complete canopy between the ground and the sky, and 
the branches frequently interlock, covering many miles of surface. To 
comprehend the immensity of forest foliage expanse, thus perpetually 
distilling the moisture absorbed by the roots of plants, is beyond the 
power of the human mind. 

While, therefore, by their myriad leaves, the trees of the forest in- 
toroept the moisture' of the passing clouds, and the fallen leaves form a 
spongy surface-soil which absorbs the rains that fall upon it (where 
there is no declivity for them to run oB), to he gradually soaked into the 
earth, but nevertheless constantly forming a vast reservoir of moisture, it 
is evident, from what has already been stated, that the means for the 
purification and disposal of moisture thus accumulated are correspond- 
ngly great and perfectly consistent with salutary results. 

The conservative influence of the forest on climate is moat obvious 
n cold weather, when the moisture is precipitated in the form of snow, 
and accumulates, as it frequently does, to a great depth. Sheltered 
from the winds, the snow itself becomes a protecting cover to the ground 
which seldom freezes. The snow is not impervious to the sun's rays, 
and for this reason, the first snow-fall, that which is in immediate— 




contact with the frozen cmet of the earth, if one has already been formed, 

k uaoon thawed, and the surface of the groand is subsequently kept be- 

m 'Mrthe freezing point thronghout the winter. Hence the bottom layer 

W 'IMM begins to melt, and proceeds more or lees rapidly, according to 

' the relative temperature of the air and the earth's surface. The reaalt- 

ing water is gradually absorbed and carried off by infiltration with snch 

facility that both the snow and the layer of leaves lying between it and 

the ground often appear to be quite dry, notwithstanding the under 

surface of the leaves and the accumulated vegetable mould are in a state 

of continuous moisture. 

Doubtless a small portion of the snow returns to the atmosphere by 
the process of evaporation, and some runs o3 into superficial water- 
eoarees. But owing to the protection afforded by the shade from the 
rays of the sun, and the entanglement of the icy surface pierced by 
the trees and undergrowth, the great body of the snow deposited in 
forest regions is retained until it there melts. 

The snow-water slowly imbibed by the earth, besides promoting the 
growth of the overshadowing trees, gradually sinks, according to the 
greater or less permeability of the soil, and proceeds to seek out or to 
form nnscen conduits, which wind their way along into channels and 
springs, or oozing out at the hillsides, there form rills which, anon, 
swell into streams and rivers, and descend to the sea whence it came. 
The roots of the forest trees in all climates usually imbed themselves 
' in the moist soil sufficiently deep to be in a temperature of about the 
annual mean. In the most important regions of both America and Eu- 
rope, and especially in those portions which have suffered most from 
the destrnction of the forests, the superficial strata of the earth are 
colder in winter and warmer in summer than the strata a few inches 
lower. This shifting temperature of different strata below the surface 
of the earth approximates to the atmosplieric mean of the respective 
feaeona. The trees being conductors of heat, when the earth is colder 
than the air, convey the heat of the atmosphere lo the earth, and when 
the temperature of the earth is higher than that of the air, they trans- 
mit the heat in the opposite direction /rom the earth. It follows, then, 
iS conductors of heat, the forests play an important part towards the 
equalization of the temperature of the earth and the atmosphere. 

In temperate latitudes especially the effect of forests on temperature 
13 considerably increased by the nature of the foliage. A largo propor- 
tion of the trees are of deciduous foliage, and their radiating, as well as 
their shading surface, is very much greater in summer than in winter. 

The temperature of the forest in all climates is higher in winter and 
lower in summer than that of the open ground. Every one who has 
risited the forests with any frequency knows that he need go but a short 
distance within its borders to escape the inflnence of even a furious 
wind, and that woodmen engaged in foiling trees in the winter rarely 
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find inconvenience from cold winds, which penetrate but a short dis- 
tance, even when the trees are devoid of their leaves. Aa the woods 
shelter those within from the winds, they in like manner protect the 
adjacent open country from the blasts which wonid otherwise sweep 
over them, and which, by their cold and mechanical force, and bytheir 
desiccating influence, prove very iujurious to agriculture. Hence the 
presence of a forest, in its effect on adjacent regions, is often equivalene 
to a difference of several degrees in the latitude. 

It has been remarked by Dr. F. L. Oswald that the " Prince de Ligne, 
countryman and contemporary of Maria Theresa, wrote an essay 'On 
the Location of the Earthly Paradise,' and after some reflection on the 
hygrometric influence of different climates, calls attention to the fact 
that ' paradise traditions, in locating the garden of Eden, differ only in 
regard to longitude, but not to latitude. The latitude keepsal ways near the 
snow-boundary, a line just south of the regions where anow may fall, but 
will not stay on the ground. It passes through Thibet, Cashmere, 
Northern Persia, and Asia Minor, and reaches the meridian of Europe 
near the centre of the Mediterranean.' The nations that 'celebrated the 
life aa a festival' have lived along this line, and we may doubt if in the 
most favored regions of the New World human industry, with all the aids 
of modern science, will ever re-unite the opportunities of happiness 
which Nature once lavished on lauds that now entail only misery on 
their cultivators. All over Spain and Portugal, Southern Italy, Greece, 
Turkey, Asia Minor, Persia and Western Afghanistan, and throughout 
Northern Africa, from Morocco to the valley of the Nile, the aridity of 
the soil makes the struggle for existence so hard that, to the vast majority 
of the inhabitants, life from a blessing has been converted into a 
curse. , . . And all this change is due to the insane destruction of the 
forests." ' 

The effect of forests on the electrical state of the atmosphere, and the 
genrt-ation of ozoue, is also, doubtless, a force of great influence adding 
to the general salnbrity, and under some circumstances giving them 
special potency. 

While electricity results from any kind of chemical change or action, 
of which there is much incessantly going on in the natural relations of 
the forest to the atmosphere and soil, the condensation of vapor into 
rain is, perhaps, the most prolific of all sources of electricity. And be- 
sides this, which is apparent to all observers, when we consider the in- 
visible, but none the less active processes of absorption and exhalation, 
the amount of water daily absorbed from the soil by every thrifty tree, 
and how small a proportion of this fluid consists of matter which enters 
into new combinations and becomes a part of its solid frame-work, it is 
evident that the superfluous water is somehow returned to the atmosphere 



FOEEBTB. 101 

almost OS rapidly as it is absorbed. Agaiu when we reflect upon the 
iutcrpoeing obstacles to the dew, mists, fogs, and light ahnwers and the 
redispersiug of the water from these sources into invisible vapor to cool 
the air; tind the influence of the same obstacles in heavy rains, serving 
to break the big drops and scatter them into misty fragments — the mul- 
tiplication and combination of these infiuences abundantly account for 
the electrical state of the atmosphere of the forest. 

Moreover, U> the same active influences and electricity is due the 
exalted activity of oxygen — the generation of ozone — always active, when 
present, as a destroyer of organic matter in process of decay, and in this 
cuse hastening the return of the emanatious of vegetable decay to their 
original elements — the elements of a pure and vivifying atmosphere. 
Hence the specially invigorating effect of a forest atmosphere in some 
Btat«8 of the human system, and its general salubrity in all. 

Sadden accession to the amount of vapor in the atmosphere, especially 
it aasociatod with a fall of temperature, are well known to have decided 
effects on the state of the public health; and rheumatic and gouty in- 
valids are proverbial for the certainty with which they foretell a storm 
by their sensations — due to the decrease of atmospheric pressure. 

According to some observations of Dr. Ballard, with reference to 
aeasooB in England: 

" Both in the colder and warmer seasons of the year, a comparatively 
dry condition of the atmosphere is more dangerous to the public health 
than a comparatively moist one." ' 

But these observations of Dr. Ballard seem to have been confined to 
dense populations — to cities. How far they maybe general, however, la 
suggested by the common salubrity of forests, notwithstanding their 
dampness. 

THE EUCALYPTUS. 

No account of forests would be complete without an account of the 
prophylactic properties of the eucalyptus. By it, especially, is illustrated 
the functions of drainage, absorption, and distillation to a degree greatly 
surpassing that of any other known plant. 

The eucalyptus exists in groat variety, and there is reasonable hope 
that its climatological distribution may be greatly extended, although, 
liitherto, its cnltivation has met with but very limited success in climates 
subject to frost. As just remarked, this tree exists in great variety, yet 
observation has, until very recently, been chiefly limited to one species, 
the E. globulus. There is good ground for belief that the anti-miasmatic 
properties, with which this particular species is credited, are at least par- 
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tially, if not indeed equally, possessed by several other species of the 
same order. 

The stem of the yonng plant is foar-sided like the Miat family. The 
leaves are heart-shaped and sessile. On each side of the sqnare-shaped 
stem is a depression within which the leaf is attached; tlie cordate notch 
at the base of the leaf ia so deep that the lobes of one leaf lie upon another, 
appearing, at first sight, like tlio upper side of the perfoliate leaves of the 
honeysuckle. Each pair is set at right angles with those above and 




below, and with horizontal plane, the upper surface being exposed to 
the Bun and the under in the shade, and, as to plants generally, the under 
surface only is supplied with stomata or breathing organs. Thoy are of 
bright, grassy-green color, thin, soft, and juicy. But ere the plants have 
attained the age of ten years, a complete transformation of all the stem- 
and leaf -characteristics sets in, and in the "grown-up" trees they have 
wholly disappeared. 

Instead of a sqnare-sided, greenish, herbaceous-looking stem, we have 
a huge white-colored trunk, and gnarled branches twisted into wild fan- 
tastic shapes. The leaves are no longer amplexicaul, but stand well out 
from the branch-stems, twisted upon and suspended by long petioles, and 
instead of being heart-shaped and opposite, they are now scythe- shaped, 
and the plane of their surfaces wholly changed — their edges turned to 
the sun and earth — and, most remarkable of all, the stomata, instead of 
being limited to one surface of the leaf, are now distributed over both 
Burfaces, The color, instead of gi-ass green, has turned to a bluish- 
green, aod gives significance to the name of " blue " gum tree. Aikis 
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■now, too, iDBtead of the thin, soft, and juicy leaf of the young plant, we 
haTe a thick, leathery, and dry leaf, but doubly equipped in their power 
of distilling moisture, both sides of the leaf work equally, and they are 
placed that the aun's rays in co-operation with them, penetrating be 
tween tbeir vertical surfacea, are aearcoly intercepted in the exercise of 
their fulleat force on the surface of tlie moist ground where these bene- 
ficent trees are most wont to flonriah. 




As seen with its shining white bark in Tasmania and Central Au- 
stralia, with its white or light-red and dark abadows of curious foliage 
trembling in the passing breeze, aud towering to tlie height of from 
three hundred to four hundred feet, it is not uufrequently a beacon to 
to tlio thirsty traveller, for it signifies hia approach to water, or at least 
tothe bed of a river or lake. Indeed, it usually marks the water courses 
so well that a diatinguiahod explorer obaervea "that in travelling along 
the Darling and the Lachlan, I could with ease trace the general course 
of the river without approaching the banks until I wished to encamp." ' 

' F, V. Muller, " TraoBactionH of the Boyal Society ol Victoria," part 1, voU 



A nearly allied species, the amygdalina growing amidet the deep 
ravines of Dnndemony, in Victoria, ia said to measure the enormous 
height of 480 feet — even outstripping the great California pines — and 
there is a great number of such trees growing in that region. 

In great contrast, a dwarf species, called by the natives " goborro," 
grows only in places subject to inundation and in swamps, and usually 
carries markings on its stems, showing tJie height to which the water has 
risen. One traveller, Mr. Oxiey, remarks that during his journey there 
was alvrays water to be found where these goborro trees grew ; and Sir 
Thomas Mitchell states that " all permanent waters are invariably sur- 
rounded bythe " i/arra" {the globulus, called "yarra" bythe natives). 
The one thrives on the margins of the stream, the lake and the lagoon, 
and the other in the midst of the marshes and inundations, however long 
their duration. 

Still another species, the " tlumosa," 'grows in sand too barren and 
too loose for any other production, and but for this growth and prickly 
grass the sand must have drifted so as to overwhelm the vegetation of 
adjacent districts, against which nature appears to have curiously pro- 
vided by the abundant distribution of these two plants, so singularly 
adapted to such soil. The root of the "dumosa" resembles that of a 
large tree ; but instead of a trunk, only a few branches rise above the 
ground, forming an open kind of bush, often so low that a man on 
horseback may look over it for miles. The heavy spreading roots, how- 
ever, of this dwarf tree and the prickly grass together occupy the ground 
and seem intended to bind down the sands of the vast interior of Au- 
stralia. Their disproportioned roots also prevent the bushes from grow- 
ing very close together; and the stems being leafless, except at the top, 
this kind of eucalyptus ia almost proof against the running fires of the 
bush. 

In all, more than twenty species of eucalyptus have been described,. 
possessing a variety of useful properties and purposes. 

The groves of the larger species, especially, are delightfully fragrant, 
filling the air at great distances with the delicate aroma of balm or 
lemon, and other odors indescribably delicious. All observers agree that 
in Tasmania, and in those portions of Australia where the eucalypti 
flourish, miasmatic fevers rarely or never exist. 

Yet it seems to have taken the most enlightened nations about thirty 
years after the coincidence of the existence of the eucalyptus growth 
and the absence of malarial fevers in Van Diemen's Land was first de- 
scribed to establish their relations. 

Tiie eucalyptus was first imported into France by M. Ramel, in 1859, 
and for anj-thing that appears to the contrary, solely at first as an orna- 
mental tree. The first notable features of it were its extremely rapid 
growth and powerful influence in drying up marshes, the dispersion of 
mosquitoes and other insects which infest marshy places. In many 
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t in AJgeri a especially, it was rapiJly brought into requifiition for 
'.ita redemption of marshy lands, and for the same purpose it was planted 
in the valley of the Oshconl, a region of country celebrated alike for its 
fertility and its insalubrity. And here it seems to have been first ob- 
serred, within the period of about ten years from the time the plants 
were first introduced, that, together witli the drying up of the marshes, 
malarial fevers proportionally disappeared. It has since been introduced 
at Capo Colony, into the French possessions in Africa, into various 
places in the south of France, Cuba, and various other conntries ; but in 
noae with decided results as in the famous Campagua of Rome, & plae« 
ao less famous for its deadly fevers in modem, than for the evidence of 
its greatness in former times. 

The following sketch of the Campagna, and history of the introduc- 
tion and effects of the eucalyptus there, is by H. N. Draper, F.C.8.' 

"One lovely morning in last October, we left our hotel hard by the 
Pantheon, and in a few minutes came to the Tiber. If we except the 
quaint and bright costumes of many classes of the people, and the ever 
changing street-scenes of Eome, there is nothing in the drive of very 
mach interest until we reach the river. Here, looking back, we see the 
noble structure which crowns the Capitoliue Hill, Tlie fine building on 
the further bank of the river is the Hospital of St. Michele. On this side 
we are passing the small harbor of the steamboats which ply to Ostis. 
Presently, the Marmoraia, or landing place of the beautiful marble of 
Carrara, is reached. From here a drive of a few minutes brings us to the 
cv-press-covered slope of the Protestant Cemetery, where, in the shadow 
of the pyramid of Certius, lie the graves of Shelley and Keats. Apart, 
from the interest attached to these two lonely tombs, and the memories 
aroused by their touching epitaphs, no Englisliman can resist this secluded 
spot, and look without deep feeling upon the last resting-places of his 
countrymen, who have died so many miles from home and friends. The 
cemetery is kept in order and neatness, and flowers grow upon nearly 
all the graves. 

" Our route next lay along the base of that remarkable enigma, th^ 
Monie Testaccto. a hill as high as the London Monument or the Ven- 
d6me columns at Paris, made entirely of broken Roman pots and tiles, 
as old perhaps as the time of Nero! Leaving behind this singular heap 
of earthenware, we thread long avenues of locust trees, and presently, 
passing through the gate of St. Paul, reach the magnificent basilica of 
that name. Nor can I pause here to dwell upon the marvels of this 
noble temple; or to tell of its glorious aisles and column-supported gal- 
leries; of its lake-like marble floor, or of the wealth of malachite, of lapis 
laznli, of verse antique, of alabaster, and of gold, that has been lavished 
npon the decoration of its shrine. I must stop, however, to note that. 



' From a contribution to CViambera' Journal, for March 28th, 1 
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nowhere has the presence of the dread malaria made itself so obvious to 
myself. We had scarcely entered the church wheu we became conscious 
of an odor which recalled at once the retort-house of gas-worka, the 
bilge water on board ship, and the atmosphere of a dissecting room; and 
we were obliged to make a hasty retreat. There could be little doubt 
that the gaseous emanations that produced this intolerable odor were 
■equally present in the campagna outside, but that in the church they 
were pent up and concentrated, 

" Even did the space admit, this is not the place to enter into pro- 
longed dissertation on the history or causes of this terrible scourge of the 
Homan Campagna, the fever producing umlaria. The name expresses 
the unquestionable truth that it is a gaseous emanation from the soil; 
and all that is certainly known about it may be summed up in a very few 
lines. The vast undulating plain known as the Campagna was ages ago 
overflowed by the sea, and owes its present aspect to volcanic agency. 
Of this the whole soil affords ample evidence. Not only are lava, per- 
perino, and the volcanic puzzuolana abundant, but in many places, as in 
Bracciano and Baccano, are to be seen the remains of ancient cratera 
When the Campagna was in the earliest phase of its history, it was one 
iertile garden, interspersed with thriving towns and villages. It was also 
the theatre of events which resulted in making Rome the mistress of the 
world. This very supremacy was the final cause of its ruin and of its 
present desolation. While the land remained in the possession of small 
holders, every acre was assiduously tilled and drained; but when it passed 
into the hands of large landed proprietors, who held it from the mere 
Inst of possession, it became uncaredforand uncultivated. Filtering into 
the soil loaded with easily decomposed sul))hur compounds, the decom- 
posing vegetable matter finds no exit through the underlying rock. The 
oousoquences may be imagined, but to those who have not experienced 
them, are not easily described. This once fertile land is now a horrid 
waste, untouched, except at rare intervals, by the hand of the farmer, 
and untenanted save by the herdsman. Evei^he, during the mouths of 
summer when the malaria is at worst, is compelled, if he will avoid the 
fever, to go with his flocks to the mountains. It may be mentioned, in 
passing, that the malaria fever, or 'Roman fever,' as it has been called, 
has been the subject of recent investigation by Professor Tommaai-Oni- 
delli, of Home, who attributes it to the presence of an organism, to which 
the specific name of Bacillus malarm has been given. 

*• Leaving St. Paul, we pursued for a short time the Ostian road; and 
at ]}0or Osleria, where chestnuts, coarse bread, and wine, were the only 
obtainable refreshments, our route turned to the loft, along a road pow- 
dered with the reddish dust of the pozzuolana — the mineral which forms 
the basis of the original " Roman cement," large masses of whicli rock 
form the road-side fences. After a drive of perhaps half an hour, we 
lound ourselves at the Monastery of Tre Pontaue (three fountains). Tha^ 
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Abbey of the Tre Fontane compriaea within its precincta three chiirchoa, 
of which the earliest dates from the ninth century. One of these, San 
Pnolo alle Tre Fontane, gives ita uame to the monaatery. A monk, 
wearing the brown robe and'santtals of the Trappist order, met ub at the 
gate. The contraat now presented between the sterile semi-volcanic 
coantry around, and the smiling oasis which faces us, ia striking. Here 
are fields which have borne good grass; some sloping hilU covered with 
vines; and directly in the fore-ground almost a foreat of encalj^t 
trees. 

" We have come to learn about the eucalyptus; and our guide takes 
quite kindly to the rille of informant. What follows is derived from 
hia viva voce teaching, from my own observations on the spot, and 
from a very interesting pamphlet, printed at Rome in 1879, and en- 
titled ' Culture de I'Eucalyptus aui Trois Fontanea,' by M. Anguste 
TaI16e. 

"Before the year 1868, the abbey waa entirely deserted. It ia truo 
that a haggard-looking monk was to be found there, who acted as cice- 
rone to visitors to the churches; but even he was obliged to sleep each 
night in Borne. The place obtained so evil reputation that it was locally 
known as 'The Tomb.' There are now twenty-nine brothers attached 
to the monaatery, all of whom sleep there each night. This remarkable 
resalt, though no doubt to a great extent due to the drainage and altera- 
tion of the character of the soil by cultivation, is unquestionably mainly 
owing to the planting of the eucalyptus. It would take long to tell of 
the heroic perseverance of these monks; of the frequent discouragements; 
of the labor interrupted by sickness; of the gapa made in the number by 
the fatal malaria, and the undaunted courage iu overcoming obataclea 
nhich has culminated in the result now achieved. Let ua pass to the 
consideration of the actual means by which so happy a change in the 
immediate surroundings has been brought about. At Tre Fontane are 
cnltivated at least eleven varieties of eucalyptus. Some of these, as 
E. viminalU and E. botryoidea, flourish best where the ground ia natu- 
rally humid; E. resinifera and E. meriadora love best a dryer soil. The 
variety globulus (blue gum tree) possesses a happy adaptability to nearly 
any possible condition of growth. At the monastery, as in most elevated 
parts of the Campagna, the soil is of a volcanic origin, and there is not 
niQch even of that, often only eight and rarely more than sixteen inches 
OTerlying the compact fiifa. But with the aid of very simple machinery 
the Trappista bore into the subsoil, blast it with dynamite, and find, in 
the admixture of its debris with the arable earth, the most suitable soil 
(or the reception of the young plants. 

"The seeds are sown in autumn in a mixture of ordinary garden 
earth, the soil of the country, and a littlo thoroughly decomposed manure. 
This is done in wooden boxes, which, with the object of keeping the 
seedsdamp, are lightly covered until germination has taken place. When 
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the young plants have attained to about tvo inches, thny are transferr 
to very small fiower-pota, where tliey remain until the time arrives (or^ 
their final transplantation. The best time forthia operation is the spring, 
beeaiiae the seodlings have then quite eight raontha in which to gather 
strength against the winter cold. One precaution taken in planting is 
worth notice. Each plant is placed in holes of like depth and diameter. 
In this way no individual rootlet is more favored than its feilow and, as 
each absorbs its soil nutriment equally, tho regularity of growth and final 
form of the tree is assured. A space of three feet is left between each 
seedling; but so rapid is the growth that in the following year it is found 
necessary to uproot nearly onc-hiilt of the plants, which finally find 
themselves distant fram each other about fire feet. From this time, 
mnch care is required in weediug and particularly in sheltering from the 
wind, for tlie stem of the eucalyptus is particularly fragile, and violent 
atorms sometimes rage iu the Campagna. The other great enemy of the 
tree is cold, and this oSers an almost insurmountable obstacle to its 
successful culture in Great Britain. It seems to be well proved that 
most of the species will survive a winter in which the temperature does 
not fall below 33' Fahr. How fortunate is the circumstance that the 
culture of the tree at Some, may be learned from the fact that the mean 
lowest temperature registered at the observatory of the Eoman College 
during the years 1863-'7i was 23.48\ Once only in those years a cold of 
20'' was registered, and even that does not seem to have injured the 
plants; but when, in 1875, the minimum temperature fell to 16°, the 
result was a loss in a single night of nearly half the plantation of the 
year. 

" But when, as at Tre Fontane, the conditions of growth are on the 
whole favorable, the rapi<iity of that growth approaches the marvellous. 
The mean height, for example, of three trees, chosen for measurement by 
M. Valine in 1879, was twenty-six feet, and the mean circumferenco 
twenty-eight inches. These trees had been planted in 1875, or in other 
words were little more than four years old. Other trees of eight years' 
growth were fifty feet high and nearly three feet in circumference at 
their largest part. These figures refer to eucalt/ptus globulus, which 
certainly grows faster than the other species; and it must be remembered 
that in warmer climates the growth is even still more rapid. I have 
seen, for example, trees of eucalyptus resiiii/era at Blidah, in Algeria, 
which at only five years old were already quite sixty feet high. 

"The question of how and why the eucalyptus exercises sanitary 
changes so important as those which have been ellected at this little oasis 
in the Campagna may be best answered when two remarkable properties 
which characterize many of the species have been shortly considered. The 
first of these is the enormous quantity of water which the plant can absorb 
from the soil. It has been demonstrated that a square metre — which 
may roughly be taken as equal to a square yard — of the leaves of the- 




tHcalypUis globulus will exhale into the atmosphere during twelve hours 
four pints of water. Now, as this square metro of leaves — of course, the 
osculation includes both surfaces — weighs two and three-quarter pounds, 
it will be easily aeen that any given weight of eucalyptus leavea cau 
traQEfer from the soil to the atmosphere nearly twice that weight of 
water. M. VallSe does not hesitate to oiy that under the fuU breeze and 
sanshine — which could necessarily form no factor in such accurate ex- 
periments as those conducted by him — the evaporation of water would 
b* equal to four or five times the weight of the leaves. One ceaaea to 
wonder at these figures, on learning that it haa been found possible to 
count on a square millimetre of the under surface of a single leaf of 
^iiralyptus globulus no leas than three hundred and fifty slomala or 
breaths ng-poree. And it now begins to be intelligible that, if such an 
enormous quantity of water can be transferred from earth to air, it may 
be possible that an atmosphere, which without such aid would be laden 
with malarioue eihalations, may be rendered pure by this process of leaf- 
distillation: the putrescible constituents of the stagnant water are ab- 
sorbed by the roots, and become part of the vegetable tisane of the 
tr«e. 

" But this is not all. Like those of the pine, the leavea of all spe- 
cies of the eucalyptus secrete large quantities of an aromatic essential 
oiL It has recently been shown — and the statement has been very im- 
preeaively put by Mr. Kingzett — that, under the combined action of air 
and moistare, oils of the turpentine class are rapidly oxidized, and that, 
as a result of this oxidation, large quantities of peroxide of hydrogen 
are produced, Now, peroxide of hydrogen is — being itself one of the 
moHt potent oxidizers known — a very active disinfectant; and aa the 
leaves of aome species of the eucalyptus contain in each hundred pounds 
Irom three to six pounds of essential oil, we can hardly avoid the conclu- 
aion that the oxygen-carrying property of the oil is an important ele- 
ment in the malaria-destroying power of the genus. Moreover, the 
oxidation of the oil is attended by the formation of large quantities of 
snbgtancea analogous in their properties to camphor; and the reputation 
of camphor, as an hygienic agent, seems sufficiently well founded to 
iiUoiv UB to admit at least the possibility of these bodies playing some part 
iu so beneficent a scheme. 

'■ Aa we travelled the coast-line via Civita Vecchia to Leghorn, we 
could not help being struck by the fact that the precincts of all the 
railway- stations were thickly planted with the eucalyptus. And looking 
back at not only what has been actually accomplished during the past 
ten years, but to the important fund of information which has been 
acoamulated, one can only look forward hopefully and with encourage- 
ment to the future of the eucalyptus in the Roman Campagna," 

In the United States, the cultivation of the eucalyptus, for its pio- 
phylactic properties, haa attracted but little attention. The tree is said to 
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be common in Southern Calif omia^ and the late T. M. Logan, M.D., 
Secretary of the California State Board of Health, made a special report 
upon its growth in that State, ten years ago; but since that time there 
has been little or nothing more written about it. 

It is quite clear, from the description of its climatic adaptability and 
cultiyation in the Campagna of Rome and other places abroad, that it 
might be cultivated to very great advantage in several of the Southern 
States. A plant of such wonderful qualities and properties, that springs 
from the seed in five years to the height of forty to sixty feet, and in 
sixteen years to the height of eighty t5 one hundred feet, with a trunk 
seventeen to twenty-four inches in diameter, and possessed, the while, 
with the power of absorbing water four or five times the weight of its 
leaves daily, which it digests and eliminates as ethereal vapor, aromatiz- 
ing the air for great distances around; that a number of such plants pos- 
sessed of such properties should exercise a powerful influence over the 
region of their growth is, indeed, nowise surprising; and it is surely 
worthy of the attention of all persons who reside in regions where it can 
be utilized. 




CLniATOLOGrOAL TOPOGRAPHY IN GENERAL. 

SIZE, POSITION, AND 8HAPB OP MASSES OF LAND — SURFACE CONDITIONS 
— EELATIOS TO OCEAN 0CEEENT9 AND WINDS — OUTLINE AND GEN- 
ERAL CONFIHtTRATION. 

It has already been siiown that the proportions of landand water, and 
the position and ehape of sea-coosta, hold important relations with the 
circulation of the atmosphere and tlie distribution of heat; that tha 
ocean, traversed in various directions by currents of warm and cold water, 
eiereises a powerful influence over the temperature of the land which 
borders upon it; and that the temperature of the air, everywhere, 
greatly depends opon the character of the bottom of the aerial ocean, 
whether it is land or water; and if the former, on the nature of the sur- 
face with regard to vegetation or aridity, plain or variable, mountainous 
or otherwise; and if the latter, whether it is ocean, lake, or river. 

Fora clear appreciation of these influences, it is necessary to compare 
the relations of other quarters of the world with North America in the 
general distribution of climate. 

The relative size, position, and shape of continental masses con- 
Btitnt« important agencies in centralizing atmospheric temperature and 
directing ocean currents in the distributing of heat. These differences 
accouat for the different temperatures in the same latitudes of the northern 
and southern hemispheres, and on the same meridians of the eastern and 
western continents. They afford abundant reason for the accumulation 
of heat in low latitudes where the heat transmitted by the snn is great at 
till times, and for the accumulation of heat over the large areas of Africa 
and Asia thus favorably situated in the low latitudes, and which, by 
proiiniity, greatly add to the heat of Southern Europe. The effect of 
maaa in higher latitudes, where the proportion of radiating or refrigerat- 
ing time is much greater than that in which the sun's heat is received, 
is due to the same cause. 

The great expansion of the American continent in the higher lati- 
tndefl exaggerates the difference caused by the diminished mass south. 
The Arctic and sub-Arctic regions are therefore colder than those of 
Europe and Asia, though this effect is more decidedly confined to the 
latitudes in which it originates than the other; the cold at the north 
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influencea lower latitudes less than tho heat at the south influences the 
higher. The refrigeration in the Arctic i-egione of this continent is exces- 
-Bire in winter because there is no accumulation of lieat south to halance 
it, as the land narrows off to so great an extent. There ia no Africa, 
Arabia, or India to balance our Siberia; and consequently our con- 
tinent, as a whole, has a lower temperature than the corresponding 
latitudes of the Kasteru hemisphere. While the Eastern hemisphere 
comprehends a very large area bordering on the tropics, the Western 
comprehends very little, and as the effect of laud areas to increase the 
temperature by the accumulation of heat, or to diminish it by radiation, 
-depends wholly npon the sun's altitude, the middle latitudes are softened 
in winter temperature by the mass of land on the south in greater pro- 
portion than they are refrigerated by land at the north; hence the mild- 
ness of the climate of the south of Europe as compared with the same 
latitudes in the United States. 

Humbolt remarks; " As in the old continent, European civilization 
has had its principal seat on the western coast, it could not fail to be early 
remarked that under equal degrees of latitude the opposite eastern literal 
region of the United Stales of North America was several degrees colder 
in mean annual temperature than Europe; which is, as it were, a 
western peninsula of Asia, and bears much the same relation to it as 
Brittany does to the rest of Prance. The fact, however, escaped notice 
that these differences decrease from the higher to the lower latitudes, 
and that they are hardly perceptible below 30". But the mildness of the 
winter in New California shows that in reference to their mean annual 
temperature, the west coasts of America and Europe, under the same 
parallels, scarcely present any differences." ' 

Blodget observes in regard to thisi "For the east coast we have 
then similar lines and configuration to those of Asia; and near this coast 
there is the same class of sea currents, to whatever cause these sea cur- 
rents may be due. Commodore Perry has shown the existence there of 
a. stream of warm water strikingly similar to tho Gulf Stream of the 
Atlantic; and if these have their origin in a confinement of the heated 
waters of the tropics on that side of the continent, the causes and conse- 
quences should be, as they are, similar. Whatever portion of the coast 
is within the influence of this current in either case is affected similarly, 
and, in accordance with the rule, the softened climate of Japan and of 
the islands of the vicinity, and their contrast with the climate in the 
same latitudes are very noticeable. The great storms at sea off this 
coast, also appear to be like those of the Gulf Stream and Atlan- 
tic coast. Whether the current would cease with a different line of 
coast in either case we need not inquire in the present purpose, nor 
whether the hypothesis at some time proposed be true, that the evt- 



OLnUTOLOOIOAL TOPOGRAPHY TS GENEBAL. 118 

dences of a higli temperature and Bemi-tropical vsgetation in Arctic Amer- 
ica prove the existence of a current like the Gulf Stream over the then 
submerged Miasissippi plain and eastern part of the continent. With 
similar lines of configuration on that aide of the continent, in each ease 
ve find similar physical phenomena in all that maj control existing 
climates. 

" With the western side the configuration is not the same, and, as be- 
fore intimated, the continent is believed to be rendered colder, relatively, 
by this fact, at least to the degree of the difference of land and ivater 
temperatures near the borders of the tropica, which difference may be 
assigned at nearly 1" of tho thermometric mean. In comparison with 
Europe, there is a further disadvantage of position in the much greater 
distance of the coast from the warm-water current passing northward on 
the east coast of each continent. Europe is directly and largely in- 
fluenced by the Golf Stream, hot the Japanese stream is too far oft to 
be felt directly on the Pacific Coast of America; and it is in truth felt 
there quite directly in a reverse character, as the answering or cold cur- 
rent — that which in greater part returns west of, or beneath the Atlantic 
heated stream, hut which in the Pacific comes full upon the coast of 
America in middle latitudes, while the warm waters have been spent in 
expanding over an immense ocean surface. This result is due to posi- 
tion and exterior configuration, and, in these two cases, in conjunction 
with the great altitudes of the western borders of this continent, all the 
differences of temperature between the two divisions of the temperate 
latitudes may be found. The last cause named is not so general or con- 
trolling as ihe first, because the cold current is a comparatively narrow 
maea at the point of its rising on the coast, and evidently is not felt 
north of the 45th parallel. The average reduction due to both causes is 
Ie£8 than 2° on the mean temperature. 

"The position of the continents relative to the prevalent winds 
of the temperate latitudes is of great importance, and necessarily a 
part of the configuration. In referring to it, it becomes necessary to as- 
sume what is not universally conceded, namely, a belt of westerly winds 
as the great characteristic of these latitudes. In proof that such a 
belt exists, the difference of temperature of the opposite coasts of 
both seems a conclusive evidence. If no atmospheric circulation 
modified this distribution, by convoying the heated or refrigerated 
air in some direction, there is no reason for any such difference as we 
find to exist. The maximum of continental effect in refrigeration and 
aridity should be found in the centre of the continent, and its degree 
should be as great on the west as on the east. But the differences are 
scarcely less extraordinary at the west of North America as compared 
with the east — Sitka with Labrador — than in the comparison of Eng- 
laud and Kamtschatka. England being directly influenced by the Gulf 
Stream, Why it is so influenced is seen in this atmospheric circulation 
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itseli, which clearly carries the air eftetward for all those temperate lati- 
tudes; the heat aud humidity uf tlie masses transferred being gradually 
exhausted until the maximum of contiuental effect is thrown nearly to 
the eastern coasts of both. This very evident fact would be conclusive 
if the surface wind gave no evidence in conformity, since a superior 
system, or superior aerial currents would alone be sufficient to prod uce a 
marked result. But we have the observed winds of all the middle iaii- 
tudea to confirm the assumed circulation. Three-fourths of the number 
and force of all the winds recorded at 35° to 50° N. latitude are from 
some points into which west enters, and their average resultaut, as 
traversetl in an accurate manner, is within two or three points from due 
west. The greater facts of temperature distribution between the oppo- 
site sides of the continent have their full solution here. 

" Under this system of atmospheric circulation the altitude of bor- 
dering districts becomes more important than before, and it may be said, 
in brief, that the great altitude of the mountains and plateaux nearly 
bordering on our Pacific coast develops at once an extreme continental 
effect, and aids in rendering ttie continent unduly cool and dry. This ig 
the remaining cause of difference between Europe and America, and in 
the colder seasons its influence is very decided, as may be seen in a 
brief reference to the facta of temiwrature and rain distribution here. 

" In the view here taken of the system of atmospheric circulation 
lying at the base of the climatology of these latitudes, the great altitude 
of the continental mass near the Pacific by no means alters the course of 
the circulation, or shuts off the west wind of the upper and more general 
movement by any impassable wall. These winds are as regular as be- 
fore, or elsewhere, though they are necessarily cold and somewhat defi- 
cient in moisture at that elevation, and therefore lose much of the heat 
and moisture they have over the ocean surface before reaching the interior. 
The prevalent winds are west winds, at all points sufficiently elevated 
to eliminate the local effect, and the course of the clouds above the 
lower strata is equally regular. In short, there is no evidence that this 
wall modifies the atmospheric circulation in its more general character, 
or in that believed to be central at the equator, though local winds and 
movements of a peculiar character are developed at many points, subor- 
dinate to the general one, and the low, warm, humid sea atmosphere 
which so greatly influences the climate of Europe is almost entirely cut 
off. 

" There is another effect of confignration which may be noticed here. 
It is the supposed deflection of the northeast trade wind up the Missis- 
sippi Valley by the great altitude of the continental mass in Mexico. 
Whether such a deflection occurs or not it is difficult to say; and altitudes 
like those of the central regions of Mexico may be found to exert a great 
infliience on the atmospheric movements in low latitudes. It is reason- 
able to suppose that this normal movement may be chocked at that dia- 
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trict, and that the attraction of the area of rarefying air over these plains, 
as they become heated in spring and summer, may induce the moderate 
winds from the south, southwest, and southeast, known to belong to 
nearly all the Gulf coast and Mississippi Valley during the winter 
months. 

*' The vertical configuration of the Mississippi Valley is peculiarly fa- 
vorable to the relative development of such a result, as it is particularly 
open and low on the south everywhere. The whole of the immense 
plain sloping to the Gulf of Mexico perpetuates the conditions first in- 
stituted at its southern border, and the prevalent south, southeast, and 
southwest wiJIds are but the necessary incidents of the high temperature 
of the plain, in the light aspirate degree in which they blow for the 
warmer months. They are not identified with a large mass of air, and 
are almost always crossed above by the clouds borne on the prevalent 
west winds, which may be set down as well defined at and beyond the 
thirty-fifth parellel. 
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CLIMATOLOGICAL TOPOGRAPHY OF THE UNITED 

STATES. • 

TABULATED STATISTICS AND METEOROLOGICAL DATA. 



BELATIVE PROPORTION OF DEATHS PBOM CONSUMPTION AND NESV0C8 
DISEASES TO DEATHS FROM ALL CAUSES — BAROMETEICAL RECORD— 
TEMPERATtIKE fiECORD — HUMIDITT RECORD — PRECIPITATION RECORD 
— ELEVATION ABOVE SEA LEVEL — BAROMETRICAL REDUCTIONS TO 
8BA LEVEL. 

TABLE. 

Proportion of Deaths from Consumption to Deaths from all Causes in 

the United States, Deduced from U. S. Census Report for 1880. 
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Probably no country in the world posBeases a greater variety of 
climate than the United States. This \b primarily due to the conditions 
which have already been described; and eecondarily to those conditions 
which will now engage our attention— the variable topography of the 
country. 

As a basis and reference of, and for the description in detail 
which follows, tabulated statistics are here introduced, constructed out 
of, or extracted from the material and sources credited. 



Proportion of Deaths from Nervous Diseases to Deaths from all Causes 

in the United States, Deduced from the U. S. Census Report 

for 1880. 
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The statistics of the hygiene of the United States Army for a series 
of years, comprehending tlie reports of the medical officers stationed at 
the various military posts throughout the country, " Circular No. 8," 
isaned from the Surgeon-Geneial's office May Ist, 1875, shows the follow- 
ing: 



CLnUTOLOOIOAI. TOFOOBAPHT OF THE USTtSD STATUS. 



Salio of Deaths from Pulmonary Diseases per Mean Strength U. 3. 
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Ratio of Diseases and Deaths from Consumption to Total Number of 
Diseases and Deaths from all Causes at Military Posts of the United 
Stales Army, 1870-1874. Abstract of Circular No. 8. 
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ELEVATION OF SIGNAL BABOMETEBS ABOVE liEAN SEA-LEVEL, ftC— Crmfinued. 



Station. 



San Antonio, Tex 

San Diego, Oftl 

Sanduskv, Ohio 

Sandy Hook, N. J 

San Franciaoo, Gal.... 

Santa Fd, N.Mex 

Savannah, Ga. 

ShreToport, La 

Silver City. N. Max 

Sitka, Alaska 

Smithville. N. 

Socorro, K. Mex 

Springfield, 111 

Springfield, Maas 

Spokane Falls, Wash. . . 

Stockton. Tex 

Thatcher^a Island, Mass 

Toledo, Ohio 

Tuscon, Arts. 

Umatilla, Oregon 

Unalaska, Alsika 

Uvalde, Tex 

Vioksburgh, Hiss. 

Virginia City, Mont.... 

Visalia, Gal 

Washington, D. 

Wickenbung, Aris 

Wilmington, N. C 

Winnemuoca, Nev 

Wood's HoU, Mass 

Tankton,Dak 

Yuma, Aril 



Above sea- 
level. 


Above gromid. 


Barometer. 


Therm. 


Rain-gauge. 


Ft€t. 


Feet 


Feet 


076.7 


17.8 


88.8 


67.1 


19.0 


80.6 


688.6 


64.0 


66.1 


97.9 


14.9 


1.0 


60.4 


48.0 


96.0 


7,046.0 


80.8 


1&6 


86.9 


41.0 


67.7 


886.8 


88.8 


48.8 


6,796.0 B. 


4.8 


1.0 


68.0 


64.4 


96.6 


88.7 


17.6 


86.4 


4,664.8 
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18.4 


644.0 


88.8 


60.9 


180.6 


64.8 


68.6 


i,9iao 


18.6 
6.8 
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48.1 
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68.6 


104.7 


8,404.0 
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16.8 
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8.6 




848.6 


88.6 


68.5 


6,810 OB. 
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89.0 


848.1 


88.4 


44.6 


104.6 


44.1 


60.8 


1,400.0 B. 


4.6 


8.1 


68.0 


88.0 


44.8 


4,887.8 


7.0 


5.0 


86.0 


6.1 


84.0 


1,888.4 


10.8 


88.4 


140.8 


6.1 


86.0 
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BjIboubtbical heductions to sea-level. 

The hypsometrio formula oraployed for the reduction to aea-level of 
barometric readings at all stations wlioae elevations are less than 1,150 
feet 18 that of La Place, as given in Appendix I. to the Instructions in 
the Use of Meteorological Instruments, compiled by Robert H. Scott, 
from whose tables, there given, the reduction constants have been ob- 
tained. 

For stations whose altitudes are greater than 1,150 feet, the con- 
stants Tvere obtained with the aid of the following hj-psometric for- 
mula: 
A = 60368.76 m (1.004455 + 0.000004698 [( - 33]) {1-1-0.0026119 cos 

'<(l + O.189|^'[I+10'°''" ])log^. 

In this formula, which has been obtained in the course of an inveati- 
^tion on barometric hypsometry now in progress in this office, 

h = difference of altitude between the two stations in English 
feet. 

m = a small factor modifying Boyle's (Marlotte'a) law. 

I = mean temperature of the column of air between the upper and 
lower stations in degrees of Fahrenheit. 

qi = mean latitude of the stations. 

T77 = ratio of the vapor tension to the barometric pressure at the 
upper stations. 

b', b" — barometric pressure in inches at the lower and upper stations 
respectively. 

In applying this formula to the reduction of barometric readings to 
sea-level we simply regard log. h' as the unknown quantity and substitute 
for h its value obtained by levelling or other measurements. The formula 
then becomes — 

log ft' = log 6"-i 

ooaas.Tam (i.ooHKH-ooooooMtw [i-ss]] (i44),0(i3«iiB cm sfl>)^ 1-H),18^) U+'o']/ 
Let A= (>0368.75 m {1.OO4455 + 0.0O0004698 [i— 32]) 
= 1 + 0.0026119 COB a?* 



D=l-(-0.I89^Jl-Hl0 
Then Ic^ hf= log 6"- 



] 



A C D 
Uannscript tables have been computed for the factors -r- -tj ""^ tt 
by which the computation of log. V , and consequently S'', is greatly 



1, 1 



and : 
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facilitated. The differeoce h' — h" gives the required reductiou to a 
level. 

In the above formnla, it is assumed that the value of /, or the mean 
temperature of the column of air between the upper and lower stations, 
is known. Any errors made in the methods by which this is obtained 
will affect the final results, but are not due to the formula itself, wliich 
makes no provision for obtaining the correct value of the mean tempera- 
ture. As a simple approximation, the observed monthly mean tempera- 
tures at the Signal Service stations have been adopted aa the mean tem- 
peratures of the column of air assumed to exist below the stations, with 
the exception only of Mount Washington, for which the mean of the 
temperatures at Burlington, Vt., and Portland, Me., has been adopted 
as the temperature at sea-level, and the mean between this value and the 
observed value at Mount Washington adopted as the mean temperature 
of the column of air. 

The climate of the United States ia divisible into three regions: 1, 
the Atlantic States, eaat of Appalachian System, or Alleghany Moun- 
tains; 2, the Mississippi Basin, between the Alleghanies and the Rocky 
Mountains; 3, the Western Highlands, between the Rocky Mountaina 
and the Pacific; and 1, the Pacific slope. 
Prof. Gnyot observes : 

"Each continent has on one side a large system of liighlands, 
plateaus, and mountain chains, which constitutes the principal feature 
of its structure, and may be called its main axis. On the other side, 
along the opposite shore, is found a similar system, but diminutive in all 
its dimensions, extending over only a part of the continent, and forming 
a secondary axis. Between the two a general depression, or low plain, fills 
the interior. The direction of these two fundamental lines of highlands 
is not parallel but converging, which gives to all continents a form more 
or less triangular. 

"A large swell on one side, a smaller converging one on the other, 
and a depression between the two, is the typical form of a continent. 
An island, however large, ia never more than a part of it. 

" This typical structure can bo traced in all continents, but in none 
more clearly than in North America. 



Rocky Mounli 



Bh«1ii of UlBSiBRlppL. 



Appslochian U 



Ji..^ 



"Here the main axis is formed by the large swell of the western 
highlands, stretching from the nortliwest to the southeast, withont in- 
terruption, for 4,500 miles, steadily growing in height from the shores 
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of Alaska to the south end of Mexico, and filling from one-third to one- 
half of the width of the continent. The plateaus contained hetween the 
border chains of the Sierra Nevada and the Rocky Mountains average 
fall 4,000 feet, and reach in Mexico double that altitude, the high peaks 
of the mountain ranges reaching from 13,000 to 15,000 feet. The sec- 
ondary AKiB is the Appalachian system, extending from Nova Scotia to 
Alabama, in a southwesterly direction for 1,500 miles. Its average 
width is hardly one-fifth, and its elevation, plateaus, and peaks, not one- 
half that of the western highlands; but still it determines the trend of 
the Atlantic coast. Between the two axes, the lowlands of British 
America, and the vast plains of the Mississippi Basin stretch for 3,000 
miles from the Arctic shores to the Gulf of Mexico, hardly interrupted 
by a slight central swell of a thousand or sixteen hundred feet in the 
region of the sources of the Mississippi." ' 

To duly appreciate the climatological influences of these regions, it is 
necessary to bear in mind that the differences in the nature of the sni^ 
face throughout are exceedingly diverse — comprehending exteneive- 
coasts, great lakes, forests, prairies, arid plains, basins, and mountain, 
ranges. 

'■'Treatise on Physical Geography," bj A. Ouyot, LL-D., etc, (Johuston's- 
Atlas), p. 28. 




■CLIMATOLOGICAL TOPOGRAPHY AND MINERAL SPRINGS 
OF THK ATLANTIC STATES. 



The rise of the Atlantic Slope begins in Georgia. From the 
coast about thirty milea inland the ground is low and awampy, and in- 
Salubrious; but at tbiB distance there is an abrupt terrace-like rise of 
about seventy feet; this is followed by a succession of similar abrupt ele- 
yations at various distances apart, until about one hundred and sixty 
miles from the coast, where the elevation is from five hundred to sii 
hundred feet. And it is here that the foot-hilts of the Alleghanies be- 
gin, in a series of ascending ridges and outcropping spurs, which in the 
northern and northwestern part of the State attain an altitude of 2,500 
to 5,000 feet above the level of the sea. 

Atlanta is situated at an altitude of 1,078 feet above the level of the 
sea; latitude, 33° 64' north; longitude, "° 38' west; in the midst of a 
healthy region on the divide of the water-siied separating the waters 
which enter the Gulf of Mexico through the Chatahoochee River, here 
distant eight miles from those which find the Atlantic through Proctor's 
Creek, the South and Ocniulgee Rivers. Tlie Blue Ridge terminates 
about fifty miles to the northeast; and bifurcating from it westward are 
Sweet's Mountain, the Altatoona Range, Great and Little Kenesaw and 
Lost Mountains. All this region and thereabout is rolling and devoid of 
swamps. Its salubrity, however, has been somewhat impaired by the 
destruction of the forest which formerly obtained. 

The Appalachian or Alleghany system of mountains, which here 
gins, consists of a belt of several parallel ridges and valleys from 01191 
hundred and fifty to two hundred miles wide, extending northward from 
Georgia through the Caroliuas, Tennessee, Virginia, West Virginia, and 
Maryland, to Pennsylvania. It is everywhere equally well watered, and, 
naturally, woodland and cultivable throughout. The elevations iu 
general are insufficiently continuous to cause any very decided contrasts 
on the opposite slopes. The temperature and rain-fall are consequently 
nearly equally distributed; the atmosphere is neither excessively moist 
nor excessively dry, and with various altitudes, from a few hundred to 
nearly 7,000 feet, a climate of remarkable salubrity obtaioa at all 
£ons. 
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Moreover) it is in this region that mineral waters of value abound. 
In Georgia, those of most note are r 

The Indian Springs, in Butts County, a few miles from Macon. This 
water is sulphurous, and according to analysis by J. C. Golton one pint 
contains ; — 

Solids. Grains. 

Carbonate of magnesia, ...,,. 1.983 

8utphat« of potuBsa, ...... S.f 15 

Sulphate of magnesia, ...... 71.538 

Sulphate of lime, ...... T.15S 

84.077 
Gases. Cubic inches- 

Carbonic, .,.,..., l.OOO 
Sulphuretted hydrogen, ..... S.005 

Nitrogen, ........ 0.156 

The Merriioealher Warm Springs, in the County of Meiriweather, 
twelve milee from Chipley, in the Pine Mountains. Temperature of 
"water 95°. By analysis of Prof. A. Means, one pint contains : — 

SoUDS. Orains. 

Oxide of magnesia, ...... 11.68 

Oxide of calcium, . . . . , , 4.04 

Protoxide of iron, ....... 2.14 

18.48 
Oases. Cubic inches. 

Carbonic, ........ 1.11 

Sulphuretted hydrogen, ... . trace. 

Madison Springs, in Madison County ; Gordon's, in Murray County ; 
and Rowland's, in Cass Connty, are all chalybeale waters, of considerable 
repute; and the last is also said to contain saline matter. There are no 
reliable analyses of these waters. 

In South Carolina, the face of the country is very similar to that of 
Georgia. From tide water to abont eighty miles inland, it is low and 
allnvial; and, to a very considerable extent, swampy and insalubrious, 
But after this the land rises abruptly in successive terraces, alternating 
with beautiful valleys and rounded hills, until it readies an average 
altitude of about 2,000 feet above the level of the sea, and a climate of 
rare salubrity all the year round. And for those who would seek a 
greater altitude in the same latitude, the highest peaks of the Blue 
Bidge Mountains, which run through the northwest part of the State, at- 
tain on altitude of 4,000 feet. 

Colombia, at an altitude of only 300 feet above the level of the sea, 
latitude 34° north; longitude 4" i' west, has always been a favorite refuge 
for fagitives from Charleston in times of yellow fever; and with the ex- 




146 TOPOOKAPHT, ETC., OF THE ATLAHTTC BTATBS, 

ception of maUrial fevers, due to removable causes, is generally health}^' 

And Aiken, 600 feet above the sea level, in the pine forest region, enjojs 
a wide and deserved repute as a winter resort for conaumptives. The 
uplands generally, and especially the mountain slopes in the north- 
western part of the State, are naturally salubrious at all seasons. 

Mineral Springs of considerable value arc found in various parts of 
the State, chiefly chalybeate. Those of most repute are in the Abbeville 
and Laurens Districts, near Parson's Mountains; some sulphurous 
springs also exist in the same region: Glenn's Springs, in Spartanaburg 
District, and Chick's, a few miles above Greenville, are sulphurous. 
Glenn's, besides the sulphates of magnesia and lime, also contain bi- 
carbonate and chloride of lime. All these are pleasantly situated in the 
upland and mountainous regions, and easy of access. 

The Charleston artesian well waters, from a depth of over 2,000 feet, 
are thermal 99°6; and, on analysis of S. T. Robinson, Jr., assistant in 
the Laboratory for Analytical Chemistry of Prof. C. W. Shepard, one 
U. S. standard gallon, of 231 cubic inches and weighing 58.438 grains, 
on evaporation leaves a' residue of 66.053727 grains, consisting of the 
following ingredients : — 

Organic matter and water of crjBtallization, . 1.738680 ^H 

Carbonate of iron, ..... .S8fi038 ^| 

Sulphate o( lime 442867 ^| 

Sulphate of magnesia, ..... .105347 ^H 

Chloride of magneHiuin, ..... .230391 ^H 

Chloride of sodium, ..... 11.330304 ^H 

Carbonate of soda, ...... 47.2-^^88 ^| 

Nitrate of soda, ,..,,. ..134360 

Silicate of soda, .,,... 2.63474S 

SUica, .381700 

Total, .... 64.906119 



North Carolina, along the coast, is deeply indented by sounds and 
broad-mouthed rivers, with low-lying alluvial soil between, in some 
places marshy and insalubrious, but in others covered by dense pine and 
cypress forests, almost at the level of the sea, which, in tlie interior, 
are salubrious notwithstanding their low level and great dampness. 
Of such are the Great and Little Dismal Swamps extending from tliis 
State into Virginia, embracing an area of 3,000,000 acres. Beyond this, 
beginning at about 50 miles from the coast, is a broad undulating middle 
portion, six hundred to a thousand feet above sea level, covered with 
pitch-pine. This region is of exceptional healthfulness, particularly with 
regard to pulmonary consumption. The pine-forest region gardnally rises 
into, but is lost in Western North Carolina, no part of which is less 
than 1,500 feet above the level of the sea, and where the Alleghanies 
reach their greatest altitude, and the loftiest peaks east of the Mississippi 
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RJTer. The muge nearest the coast is the Blue Bidge, while the etic- 
tetsiing groups are kuownas the Black, Smoky, Iron, and Unaka Moun- 
tuJDS. The lowest points or gaps in the Black Mountains are nearly as 
elevat€d aa Mount Wiishington, while Mount Mitchell, according to the 
measurement of Prof. Guyot, ia 400 feet higher, or 6,707 feet above the 
level of the sea. The table land, or m on n tain-plateau between the ridgea 
consists of u series of well-watered forest-covered or fruitful valloya and 
hills, from 2,000 to 3,000 feet above the level of the sea, and is one of 
the most picturesque and salubrious sections in the United States. The 
average annual rain-fall in this region is about ii inches. In the tide 
water region it is from two to four inches more. The mean tempera- 
ture at AsbTille (3,250 feet above the level of the sea) ia 48° to 50°. At 
Raleigh, 60'; Wilmington, 63.1"; Smithville, mouth of Cape Pear Ktver, 
64.13,° 

Tiie mineral springs of North Carolina of best repute are the Warm 
and /Iijf Springs of Buncombe County, in the northwest part of the 
State, on the western branch of the French Broatl River — a beautiful 
and romantic region embosomed in lofty mountains. There are several 
BpringB, varying in temperature from 94' to 104\ Analysis of the water 
bv Professor E. D. Smith (SHUman's Journal, vol. viii.) gives the fol- 



Murifkte ol lime and n 
Sulphate of n 
Sulphate of li 
Insoluble resi 



Equal to 4.G6 grains solids ii 



Shocco springs, in Warren County, nine miles from Warrington, are 
the saline-sulphur class, and aperient in their effects. "Jones' White 
Sulphur anil f.'hahjbeate Springs," nine miles distant from the Shocco; 
and KittreIVs Springs, in Granville County, on the Welden railroad to 
Baleigh, half a mile from Henderson, possess considerable local reputa- 
tion for alterative and tonic effects, but no analyses have been furnished. 

In the very heart of the pine forest and sandy soil region, near Manly, 
there are also several chalybeate springs and one at least Bulphurous, of 
evident value, but no reliable analysis of these waters has yet been made. 

In Virginia, the mountainous region is more expanded; there is a 
greater variety of surface, and consequently il somewhat more varied 
climate. The mean annual temperature in the State ranges from 60' to 
64' in the southeastern part of the State to 48" to 52" in the valley and 
mountains. The annual range from the lowest temperature in winter to 
the highest in summer is about 86", 

The following table represents the temperature and rain-fall at nine 
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different places of observation in Virginia, compiled from HotchkisE' 


Summary and the Signal Service reporta : i™ 










T" 


i 


a 


T" 


i 


~^m 


Meteoeolooical Data. 


a 

h 

Si 


5 

i 

it 

is 


1 

S 






i 


i 

J 

h 
si 


i 






£'° 




H 


31 


hi 

it 


If 


Is 


1" 


1 - 




ii 


|l 


11 


|| 


II 


P 


I. 


T- 


J^H 


TttMPEBATDEE. 
















• fl 


Mean temperature of year . . 
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67.3 
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95 
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of year 


88 


04 


108 


98 


85 


86 




107 


99 ^H 


Mean temperature of spring. . 


53.4 


54.7 


57,1 


54.1 


64.2 


55.0 


51.3 


54.8 


51 ^H 


Highest ■■ 


87' 


lie 


96 


na 


88 


84 


81 


92 


85 ^ 


Loweet " " .. 


18 


18 


19 


17 


33 


18 


14 


17 


■1 


Range " " .. 


09 


78 


77 


75 


63 


60 


70 


75 


86 


- Mean temperature of summer 
Highest '■ ■• .. 


ia,3 


78.6 


81,2 


77.3 


75.4 


76.1 


73.7 


77.1 


71.6 


95 


100 


104 


104 


93 


95 


93 


104 


95 


Lowest ■■ " .. 


&7 


00 


60 


52 


97 


55 


.'>6 


53 


49 


Bange " " .. 




40 ■ 


44 


S2 


88 


40 


27 


62 


46 


Meat! temperature of autumn 


58.4 


58.9 


55.3 


57.8 


57.8 


67.1 


S3. 8 


93.5 


50.9 


Highest ■■ " .. 


90 


92 


91 


86 


88 


82 


83 


90 


82 


Lowest ■' " .. 


27 


33 


20 


28 


27 


29 


28 


18 


18 


Range '■ " . . 


03 


07 


71 


58 


59 


63 


54 


73 


64 




41.3 


44.7 


44.6 




38.5 41.3 


37 


40.7 


35.6 


Higliest " ■■ .. 


74 


78 


74 


73' 


6S 


86 


69 


74 


62 


Lowest " " . . 


9 


6 




6 


e 


9 


6 


-8 


•4 


Range " " .. 


68 


73 


78 


86 


61 


57 


64 


77 


"M 


Rais-fall. 


in. 


in. 


in. 


In. 


in. 


in. 


in. 


in. 


4 


Annual amount ... 


38.16 


40.15 


43.97 


29.37 


48,51 


44.74 


41.99 


48,68 


35.10 


Rain-fall of spring 


10.08 


11.35 


14.8: 


7.81 


13.90 




13.15 


12.77 


8.95 




7.45 
0.75 
8.27 


12,80 
6.80 
9.40 


8.80 
8.52 
10.84 


7.33 
8.88 
5.4H 


13.90 
9.51 
11.30 


14.80 
9.16 
9.60 


8.78 
11.49 
9.57 


8.28 
15.85 
13.23 


11.05 
7.0s 
8.02 




" ■' winter 


From Old Point Comfort, Virginia, Surgeons G. E. Cooper and I. E. 


Simmons, U. S. Army, on four years' observation at Fort Monroe ' re- 


port the climate of this place comparatively mild. The winters are open 


and the thermometer, except in extremely rare instances, does not fall 


below 12' F. The duration of the cold period seldom passes seventy- 


two hours, when the cold snap gives way and tne mercury indicates an 


' '■ Report on the Hygiene of the U. 8. Army." Circular No. 8, p. 51. ^_ 
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! of temperature. The cold, however, is felt more perceptibly 
than in those regions where it is continuous, and the system is far more 
gnsceptible to the influence of a decrease of tempemtare than it is in the 
more northeni latitudes. . . , 

" The prevailing winds of spring and anmmer are southeast and south- 
west; those of fall and winter east, northeast, and northwest. The 
easterly winds are the most severe in February and March, and with 
them come diseases of the tliroat and lungs to both adults and infants. 
With the latter, croup is moat common in February and early March, 
when the winds, chilled by the icebergs on the banks, continue blowing 
from the northeast for several successive days. . , 

" Prior to the win- of secession, there was but little, if any, malarial 
disease, originating ut Old Point Comfort proper, met with; and Fort 
Monroe was regarded as one of the few places in the tidal-water region 
of Virginia exempt from its inlluence. So highly was the sanitary con- 
dition regarded, that it became the great watering-place of the southern 
states. Pleas lire- seekers in great numlters congregated here during 
the summer months to enjoy the salt-water bathing; and many invalids, 
who had been suffering from the effects of malarial cachexia, came to 
Old Point Comfort to recuperate their health by the tonic sea-breezes, 
and at the same time remove themselves from the depressing influences 
of the fever poison to which, at their homes, they had been subjected. 
Now, however, the sanitary status has changed, and malarial disease is 
quit* common here. There is no doubt of its being contracted, not only 
on the point, but within the walls of the fort. Formerly tho few cases 
of malarial fever occurred in men who had been on picket-guard at 
Mill-Creek Bridge, or in those who, gcing on leave, would get dmnk, 
and sleeping out during the night, expose themselves to the malarial 
exhalations on the mainland. To what this change is attributable is not 
certain. Two hypotheses are, with claims of reason, advanced. Before 
the war occurred, the lands under cultivation were weil-drainedand well 
cared for. They had been worked for a long time and could not be re- 
garded as fresh Eoil, the upturning of which is always productive of ma- 
larial disease in tho southern States; much of the country, too, was 
covered with virgin forests of pine, oak, and hickory, extending for a 
short distance north and west of Mill Creek to Back River, thus inter- 
cepting, to a groat e.^tent, tho winds impregnated with malarial exhala- 
tions which came from over the swamplands in its vicinity. This Back 
River is the receptacle of the waters of many small streams and creeks 
which head in the swamp-lands, and find their way through it into Chesa- 
peake Bay at a distance of about a league to the north of the fort. The 
lands proximate to these creeks are Bwampy for the greater part, the 
waters upon them being only brackish. These swampa, when the tides 
are low, and the rains heavy, as is often the case in late summer and 
early autnran, become stagnant fresh-water marshes, and furnish all 
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the material necessary for the production of southern autumnal fever 
On the banks of, and in all the country near to Bock Biver, malarial ' 
fevers have full sway during the greater portion of the year, and in the 
autumn, when not promptly and skilfully treated, are very destructive 
to life, as in many eases they assume the malignant type, here called 
congestive remittent, correfiponding to the disease so admirably described 
by Professor George B. Wood, in his work on the Practice of Medi- 
cine, under the name of pernicious fever. . . . 

" During the war, the greater part of the forest to the northwest of 
the fort was cut down, thus giving free scope to the winds blowing over 
the marshes of Black River. Much, too, of the virgin land formerly cov- 
ered by forest has been turned up for cultivation. The culrivated land, 
too, which was lying fallow during the five years of the war, is once more 
being worked, poorly, it is true, for the drains are all filled up or 
choked, and the owners, wanting as they are in labor or the means of 
procuring it, cannot put them in proper order. The result of this want 
of proper drainage is that the rains collect upon the lovlanda, to be re- 
moved only by solar evaporation. . . . 

"The other hypothesis — more probably the correct one, so far as 
the production of malarial disease inside the fort ia concerned — that large 
quantities of clay and Boil have been brought into and around the fort 
for the purposes of repairing and filling up the roads inside and outside 
of the same, as well as for repairing portions of the work. This clay 
and soil were procured a:id brought from the west side of Mill Creek, 
in the locality where m^jlarial fevers are most common. Prior to the 
spreading of this cluy upon the roads, there were few, if any, fevers of a 
malarial type originating in tbe fort; but in a very short time afterwards 
they presented themselves for medical treatment. Previous to this the 
young children who went not outside of the walls in the night or in the 
early morning, did not suffer from malarial disease, but since then, chil- 
dren who seldom go outside the fort, and never off the Point, are at- 
tacked with both remittent and intermittent fever. In addition to fevers 
of a malarial origin, dlarrhceaa and dysenteries are frequently met 
with, caused either by irritating ingesta, or showing symptoms and com- 
plications of malarial disease. Indeed, there is scarcely any disease of 
importance presented for treatment which does not in its course give indi- 
cations of malarial complications, and which does not require for its treat- 
ment antiperiodics of some kind or other. In early summer, which ia 
generally hot and humid, there is much derangement of the hepatic secre- 
tions, at times excessive, producing diarrhicaa; at others diminished^ 1 
running oftentimes into jaundice. These conditions, if not promptly re- ■ 
lieved, seem to be but the precursors of remittent fevers, more or less 
severe. The locality is unfavorable to those affected with diseases of the 
lungs," 

The mineral springs of Virginia and West Virginia are of almo-.t 
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every variety, and some of them of world-wide repute; compraing 
TarioQB and different componnds of sulphur, cJuUybeale, simple and 
compound; acidulousor carbonated; saline; alnminated chalybeate, and 
thermal waters. 

The White Sulphur Springs are in Greenbrier county. West Ya,, on 
Howard's Creek, in the midst of a beautiful and picturesque valley, 
about aix miles from the Alleghany ridge, which separates the waters 
that flow into the Chesapeake Bay from those wliich flow into the tribu- 
taries of the Mississippi River. 

According to analysis of Prof. W. B. Eodgers, one pint of this water 
at 02° F, contains — 

Solids. . Qrains. 

Carbonate of mngnesia, , , . . 0. 1 40 

Carbonate of lime, ..... 0.441 

Chloride of sodium. ..... 0.065 

Chloride of magneBium, .... 0.030 

Chloride of calcium, .... 0.003 

Sulphate of soda, . . . . l.isg 

Sulphate of mOKn^ia, , . . . 2.370 

Sulphate of lime, 9.143 

Sulphate ot alumina, .... 0.003 

Protosulphate of iron, ..... 0.019 

Earthf phosphates, .... trace 

Iodine (coinbiaed with sodium or maguesium), . undetermined 

Organic matter, ..... 0.001 



Oabks. Cubic inches. 

Carbonic gas, ....... l.OS 

Sulphuretted hrdrogeu, ...... 0.37 

Oxygen, ........ 0.0.1 

Nitn^^n, ,....,.. 0.54 

"Flow thlrtj' gallons per minute. 

Thirty-five miles to the north of the White Sulphur are the famous 
Warm Springs, in the midst of a region described as follows by Prof. 
J. L. Cabcl!, of the University of Virginia. 

"The Hot Springs" and two other thermal watering-places, long 
and favorably itnown to the citizens of Virginia as summer resorts, 
namely, the " Warm Springs " and the " Healing Springs," are in a nar- 
row valley between two mountain raiiges which run parallel to each 
other from northeast to southwest in the County of Bath. This county 
extends from the western limits of Auguata County to the Alleghany 
Mountains, which is here the boundary between Old and West Virginia. 
This county is very mountainous and broken, and is well watered by the 
Jackson and the Cow Pasture Rivers and their numerous tributaries. 
Shortly beyond the southern border of the county, these two rivers 
unite near Clifton Forge, in Alleghany County, to form the James River. 
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Within the limits of the county, they akirt the baee of the mountains on 
one or both Bides, but elsewhere considerable tracts of alluvial flats in- 
tervene, and these constitute a large part of the most valuable arable 
land of the county, though in many places, not only the subordinate 
valleys, but the aidea of the mountains for a considerable distance from 
their base are susceptible of remunerative tillage. Among these sub- 
ordinate valleys, that which derives its popular name of "The Warm 
Springs Valley," from the numerous thermal sources which it affords, is 
much the most remarkable. It is bounded on the east by "The Warm 
Springs Mountain," which estenda for a distance of more than thirty 
miles in a straight direction and without a gap, while, on the west, the 
mountain barrier is a deeply serrated ridge; the gaps, which are found 
at short distances apart, extending quite to the foot of the ridge, and 
presenting extremely picturesque gorges, barely, in some places, wide 
enough for the passage of a creek and a narrow road-bed which fre- 
quently crosses the winding stream, according the exigences of the sitn- 
ation. These creeks, having watered the valleys into which their waters 
descend from the mountain sides, find thus a ready outlet by these nu- 
merous gorges into the larger valley of Jackson Eiver. This somewhat 
peculiar topographical feature insures a perfection of drainage and of 
ventilation not often attainable in narrow valleys surrounded by lofty 
mountains, which exclude the sun's rays for a large part of the day, and 
oppose insurmountable barriers to the ready escape of the waters by 
surface drainage. 

" The Hot Springs lie at the head of one of these intersecting gorges, 
and the stream (Cedar Creek) which results from the united body of 
their waters ruahes down the steep declivity of the gorge, so as to clear 
the main valley within a few feet from their sources. Through this west- 
ern gap the rays of the evening sun brighten the settlement long after 
its disk has sunk behind the mountain in other parts of the valley. 
Twelve or fifteen miles from the Hot Springs, the valley terminates 
abruptly hy merging into that of Jackson River, but at an elevation of 
about two hundred feet above tlie latter; and just here the Falling 
Springs Creek, descending from the Warm Springs Mountain on the 
east, crosses the road, and then presents the picturesque spectacle of an 
unbroken fail from the top of the precipice to the valley beneath. This 
miniature cataract, miniature as to breadth and volume of water, is half 
as high again as that of Niagara, and was considered by Mr. Jefferson 
wori^hy of being mentioned and described in his " Notes on Virginia." 

"Theaverageelevationof the valley above the sea-level maybe stated 
to be about 1,GOO feet, and that of the mountain ridge at least 2,500 
feet. The mountain is of white sandstone, but the rocks of the valley 
are chiefly limestone, and the calcareous soil abounds in caverns. The 
springs for the most part contain a notable amount of carbonate and a- 
small quantity of sulphate of lime; but those which issue from the □ 




TOPOORAPHT, eiC, 



> THR ATLAjmC STATBB, 



isa 



tain sidea a, short distance above their base have no calcareous matter, 
or 80 little as not to be sensibly affected by the ammonium oxalate test. 
Their water ia pure and sparkling, and it has accordingly been utilized 
for drinking and cooking purposes as a eubatitute for the more highly min- 
eralized water of the valley. Similar arrangements for the water-supply 
eiisi at the Warm Springs, five miles north, and at the Healing Springs, 
three miles south of the Hot Springs, 

" Capt. J. A. August, the intelligent manager of the Hot Springs, in- 
forms me tliat the temperature on the tliree holiest days of the laaL 
summer was as follows: 



Julj 18th, 1875, 1 
AuR. 18t1i, ■' ' 
Bept, 4tb, " ' 



H., 78°F.; at 13 H., 84°; 
70° F.: " " 76°- 
70° P.; " ■' 77*: 



"The mean temperature for the three summer months registered at 
the three specified hours was 66". After nine o'clock at night, or often. 
earlier, there is a depression of several degrees, but no record has been 
kept of the minimum night temperature. More frequently than other- 
wise, blankets are required, even by persons in strong health. 

" Dr. B. F. Hopkins, who has practised medicine in this valley for 
twelve years, reports that no epidemics have occurred in all that time. 
There is absolutely no malaria. He treated a few sporadic cases of 
typhoid fever; and in cold and damp weather in early spring those who 
expose themselves carelessly may contract pneumonia or pleurisy, but 
even these diseases are not common, and the doctor would not make his, 
living, although his practice ranges over a length of fifty miles, if it 
were not for the obstetrical cases, 

" The frosts of the latter part of September generally cause a sudden 
emigration of the visitors, only to encounter the as yet unabated heat, 
and the malaria of the lower country. Moreover, they lose some of the 
greatest attractions of mountain climate and scenery. The nights and 
early mornings are sharply cold, but are made highly enjoyable by blan- 
kets for the bed and by wood fire in open chimneys, while the outdoor 
temperature before and after noon is inexpressibly delicious. Add to- 
this the exquisite beauty of the forests, whose foliage does not fall into 
the sere and yellow leaf, aa occurs in the lowlands, but with the first early 
f rosta presents infinite varieties and shades of bright colors, which cause> 
the mountain sides to resemble the most beautiful of flower gardens of im- 
mense extent and colossal size; and it will readily be seen that health- 
seekers, who are also lovers of nature, will find both profit and enjoyment- 
in prolonging their stay until the first days of October. This, I believe, 
■ has been the uniform testimony of all who have made the experiment."' 
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Analysis of (he Hot Springs.' 



One pint cont«inj 


Ladles- Boiler Bath. 


Col.W,n.011n.^. 


QBntlemen-*__PlM. 
Col. WiD.' iximso! 


SOUDfi. 
Carbonate of iron (protoxide]. . 


Orains. 
0.335 

0.014 
2 168 

o.aoo 

0.015 
0.188 
0.128 
0.707 
0.317 
0.318 


Orains. 

0.350 
0,008 
3.055 
3.021 
0.017 
0.228 
0.126 
0.63S 

o!m 


QraiiiB. 
0.253 
0.010 




0,030 


Sulphate of potaasa . 

Sulphat* of Hoda 

Sulphate of magnesia 


0.071 
0.108 
0.I3S 










Total 


4.170 


3.BT7 


3.2.^7 

- 



Within an area of thirty-five miles are also the "Sweet," "Salt," 
"Red," and " Blue" Bprioga, of various temperatures and other proper- 
ties, some of them containing large quantities of gas; chalybeate springs 
of various strength, the Rockhridge Alum Springs, and the Salf-Std- 
phur Iodine Spring. 

There are several alum springs of various strength in combination 
■with other salts. According to analysis by Professor Aug, Hayes, given 
"by Moorman, "Rockbridge, No. 1, a standard gallon at 60° F. con- 
tains: 

Of bases: Sodium and soda, 0.850 ^H 

PoiHsh, .... traces. ^^| 

Ammonia, . ■ . . 0.471 ^^| 

Lime. .... 0.594 ^H 

Magnesia, .... 0.363 ^H 

Alumina, 4 430 ^H 

Pi-otoxide of iron. 1.748 ^H 

Of acids: Sulphuric acid, 33.630 ^H 

Carbonic 2.633 ^| 

Organic 0,930 ^| 

Silicic " . 3.460 ^ 

Chlorine ■■ . . . 0.267 

"The changes which take place in these waters by boiling, the ac- 
tion of sulphuric acid and salts of silver, indicate that these proximate 
constituents are combined to form the following salts: 

Sulphate of lime, ...... 1.48D 

Sulphate of magnesia, ..... 1.081 

Protoxide of iron. ...... 8.688 

' Walton's " Mineral Springs of the United Staled and Canada," p. 317. 
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Alumina, ....... 14.704 

Chloride of Bodium, ...... 0.123 

Silit^te of Boda, ...... S.544 

CrenaW of ammonia, ...... 1.401 

Free Hulphuric acid, ...... 16,769 

Free oarbonio acid, . .... S.C38 






46.747 

(,835.000 



58,3?2.tKK) ' 

The same author gives the following analysis by Dr. DaWd Stuart, 
«{ Baltimore, of the water of the Salt Sulphur Iodine Spring: 

Oases. Cubic inches, 

Sulphuretted hjrdrogen, ...... 19.19 

Carbonic acid, ...... 8480 

Oxjgen, ........ 00.63 

04.78 



6B.U 

20.00 
24.00 
88.00 
07.00 



solid contents op one gallon. 
Solids. 
Sulphate of maKnesia, . , . . ■ 

Sulphate of soda. 
Carbonate of lime, 
C&rboQate of magnesia, 
Chloride of ma^eHiiun, 
Chloride of sodium. 
Chloride of calcium, 
Silicic acid, 
C^bonate of potash. 
Carbonate of soda. 
Sulphate of lime, 
Iodine, . 



Ueaquioxide of ir( 

AlnnUna, 

Pboai^iate of aoda and lithia, 

Total solids. 

: gravity 1002.7; 



00.31 



01. a 



88.00 



00.93 
00.89 
01.08 
00.18 
00.78 



172.48 



Specific 

5.50'. 



reaction alkaline : temperature, 64.75° to 



The Bath or Berkley Warm Springs, in the town of Bath, Morgan 
County, two miles and a half from Sir John's Depot, on the Baltimore 
and Ohio Bailroad, one hundred and thirty miles west from Baltimore, 
and Shannondah (mUne ckalyheate) Springs, in Jefferson County, in a 
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peninsula of the Shenandoah Eiver, known as the " Horse Shoe," are 

also celebrated as among the best proven waters of their kind, and witli 
excellent surroundings. Sui-h are among the most celebrated of the 
Virginia springs; bnt there are many others probably of equally good 
qualities, a catalogue and analysis of the waters of which would alone 
fill several pages, all situated in a region no less remarkable for its rare 
salubrity than for the great number and various qualities of the mineral 
waters. 

In the low-lyiug and swampy area between tiie tide-water and. 
the highlands, in some places a hundred miles or more wide, and along 
the shores and valleys of the bays and rivers, all the way from Georgia 
to New Jersey, in the summer and autumn especially the climate is in- 
salubrious, and malarial diseases are more or less prevalent- 
There are a number of seaside and island resorts along this region, 
however, with sandy soil, which, in the summer season, when the pre- 
Tailing winds are southerly, are exceptions. Thus situated and exposed, 
with proper local sanitary conditions the climate approximates an ocean 
atmosphere and its advantages. 

Moreover, on some of the miniature plateaus covered with forest 

trees, in New Jersey, such, for example, as Schooley's Mountain, twelve 

■ hundred feet above the level of the sea, within a few hours' ride from 

New York and Philadelphia, climatic advantages obtain superior to 

many which are sought at thousands of miles more distant. 

Schooley's Mnunfain Spring, in Morris County, N. J., is of old and 
good repute " as a pure carbonated chalybeate." It is situated in the 
midst of a very salubrious region, eleven hundred feet above the level of 
the sea, two and a half miles by stage from Sackett's Town, on the Dela- 
ware and Lackawanna Railroad, fifty miles from New York. 
One pint contains (C. Mclntire, Jr.): 

Solids. Grains. 

Carbonate of soda, ,...,. 0.07S 

Carbonate of magnesiH, ...,., 0.300 

Carbonate of iron, ...,., 0.073 

Carbonate of inangane^'', ...... trace 

Carbonate of sodium. , ..... 0.054 

Carbonate of lime, . ' . . . . . , 0.178 

Sulphate of lime, ...... 0.210 

Alumina, 0.018 

Ammonia. ....... traoft 

Silicic acid, .... ... COOS 

Chloride of sodium, ...... O.OM 

Total 0.808 




Carbonic acid gas considerable, but not determined- Temperature 
50°. Flow, 30 gallons per honr. 
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BailroB4; Fayette Springa, in Fayetto County; and Blassburg Springi 
are chalybeate, delightfully situated in the Laurel Mountains, amonf 
the most romantic scenery in Pennsylvania. 

North of the 40th parellel, in Pennsylvania, in the higher ridges of 
the Alleghunies, there is a more considerable increase of the rain-fall 
than on the plains, as compared with the more southern portion of the 
range; and there are two or three considerable areas or plateaus from 
twelve hundred to fifteen hundred feet above the sea level, with a slight 
increase of humidity; but in these localities, as in those further south, 
the surface conditions are such as to exercise but little or no influence on 
the temperature. It is less only in proportion to altitude, one degree 
for about every four hundred feet. 

Further north, in New York, Vermont, and New Hampshire, the 
altitude again increases, but with less characteristic ridges and valleys. 
There are several groups of mountains, and small plateaus of from fif- 
teen hundred to two thousand feet elevation, and especially in the Adi- 
roudacks, notable for their equability of temperature, characteristic of 
forest regions, and of good repute as an all-the-year-round resort for 
consumptives. 

Some of the summits of the Adirondacks, and even of the more ele- 
vated peaks of the Oatskilla, at some seasons, are obscured by clouds, 
and have more cloudy weather than the table lands below; but the differ, 
ence in the amount of actual precipitation, so far as it has been mea 
sured, is too slight for any observable effect upon the salubrity of the 
atmosphere. It is probably more apparent than real, on account of the 
snowfall in, and the conservative effects of, the forests as compared with 
the rain-fall over less sheltered areas. 

Mount Washington, 6,800 feet elevation, is exceptional. Violent 
gusts of wind, hail, or snow, are of almost daily occurrence at its sum- 
mit, even in summer; while the atmosphere 4,000 feet below is clear and 
equable. And Mount Marcy, in the Adirondacks, 5,370 feet altitude, 
is more or less subject to the same conditions. 

The atmosphere of the valleys of Lake Ontario and Lake Champlain 
is said to be, by some persons who profess to be capable of judging by 
their sensations, dryer than that of the adjacent highlands. But there 
are no records to prove it. And it is altogether probable that, in the 
summer season especially, when the alleged difference is said to be the 
moat marked, the evaporation from the surface of the lakes imparts 
an amount of humidity to the atmosphere thereabouts which fully com- 
pensates for n]iy apparent deficiency from rain-fall. 

Next to Virginia, New York is more distinguished for the number 
and variety of mineral springs than any State in the Union. Moreover, 
the chief of them are in one group — the Saratoga — as in Virginia, ex- 
cept that the area ia much leas extensive. 

Saratoga Springs are in Saratoga County, N. Y,, thirty-seven miles 
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north of Albany, via Bensaelaer and Saratoga Railroad. From the north, 
by the way of Lake Champlainancl railroad from Whitehall to Saratoga, 
forty-one mdea. The hotels and other appoint men ts at Saratoga anil 
the Springs are unsurpassed. The preceding tabulated arrangement of 
the analyses of the waters is extracted from the excellent work of Wal- 
ton, before cited. 

At Ballaton, also in Saratoga County, twenty-sis miles north from 
Albany, the United States, Ballston Artesian Lithian Well, Franklin 
Artesian Well, and Coade Dentonian Well are saline springs of the same 
general character as those of Saratoga. They contain a large amount of 
carbonic acid, and are heavily impregnated with chloride of sodium. 

Sulphurous springs also abound in New York, and several of them 
are of great celebrity. Some are in the region already referred to — 
Saratoga County — but to these much less attention has been given than 
to the others. Among the most noted are Sharon, Richfield, Avon, 
Clifton, Massena, and Chittetiango. Cherry Valley, Longmuirs (Ro- 
chester), Columbia (near Hudson), Wiite Sulphur (Cairo, near Cat- 
skill, Greene County), and Dnjden (il'ompkina County), are also springs 
of considerable local repute for such aSections as are commonly benefited 
by sulphurous waters. 

AjfALTBIB. 

SJiaron Springs. 



„..„..„.«„. 


Wlilte Sulphur. 
J.R.ChUtoD,MD 


Red^sujphur. 
Prot. L, Keed. 


Prof. L. RMd 


SOUDS. 

Carbonate of Boda 

Carbonate of magnesia 


Grains. 

6'. 38' 

.80 

"sIm' 

13.»5 

0.38 

20.11 

Cubic inches. 

"2: " 


OraiuB. 
0.<H3 

0.031 
1.123 
0.541 
0.091 
0.O08 
3.370 
13.080 

O.Ill 
0.058 
IS. 973 
Cubic inchM. 
0.57 
1.31 
0.50 

3.38 


Qraina. 
0.048 
0.100 










■Chloride of lime. — 


0.030 






HySrosulphuret of sodium and hy- 

droBulphuret of calcium. 
Hydrosulphuret ot calcium and 

magneBmm. 


0.781 






Gases. 


Cubic inclM 
0.277 




0.700 


AtmoBpiieric air ... 

Total 


O.STS 
1.403 
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Rickfleld Springs. 
One pint contains (Prof. Beid); 

BoLins. Oraiiu, 

Carbonate of magneBia, ..... 1.480 

Carbonate of lime, ....... O.STO 

Chlorides of sodium and maguesium, , . , 0,167 

Sulphate of magnesia, ...... 8.7S0 

Sulphate of lime, ...... 2.SO0 

Hjdro6uIphat« of magnesia and lime, .... O.SSO 

Undetermined, ....... 19.187 

Total 28.2» 

Qis. Cubic in. 

Sulphuretted hydrogen, ..... S.U 

Avon Springs. 



Ono pint COBMliln. 


trpp*r Spring;, 
Praf. Uuitey. 


J.B. Oillton.Sfb. 


Prof, B«ck. 


Souos. 


Grains. 
l.OOO 
3.300 

k'.im 

i.aso 

10.600 

17.600 
Cubic inches. 

0.70 
1.60 


Grains. 
8.S86 

"I'.mi 

1.716 
6.201 

7. ISO 
Trace. 

19.814 

Cubic inches. 

0.4S 

1.25 


Grains, 






























Oases. 


Cubic inches. 











The climate of New England, as may be seen by reference to the 
tables and ebartB on other pages, is severe and eubject to great ex- 
tremes; but on the high ground of the interior it ia generally healthy. 
The fogs and easterly winds on the sea coast are said to promote con- 
sumption, but it ia not a little remarkable that the highest rate of mor- 
tality from this cause ia in Vermont, which is devoid of sea coast. 

On the sea coast of Maine snow lies on the ground from three and a 
half to five months yearly, and in the interior a month longer. The 
summers are consequently very short and hot. At Brunswick, in fifty- 
two years' observation, July was the only month in the year in which no 
frost occurred. 

The mean annual temperature observed at Bowdoin College, Bruns- 
wick, for a series of fifty-two years, was 44.40°; maximum, 102°; mini- 
mom, 30', and annual range 135°. 
II 
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CIdltenango Springs. ^^ 




White Sulphur, 


C«Te Spring, 


MwmMi". 


One piDt coDtalDi. 


40" F 


49= F. 

Prat. C. F. Chand 

ler. 


P„,.gVrc^ ., 


Solids. 


Grains. 


Grains. 


Gruna. 


Carbonate o( magneaia 


1.831 


1.776 


1.489 , 


Carbonate of iron 


0.007 


0.014 


O.OSft 




0.019 


0.029 


0.041 


Chloride of sodium 


0.IS9 


0.198 


0.83» 




Trace. 

0.027 


Trace. 


Trace. 


Sulphate of soda 


8ulpbat«of luagneaia 


0.344 


■6!w8 


'i!s8» 


Sulphate of lime 


10.177 


iB.ses 


14.88» 




Trace. 


Trace. 


Trace. 


Hydroeulpbate of sodium 


0.014 


0.048 
0.140 
0.033 


0.094 
O.IIS 

o.ooa 


Hvdrosulphate of calcium 


HVpopboephite of soda 


Alumina. 


o.oio 


0.027 


Trace. 


Silica 


0.085 


0.064 


0.078 


Total 


12.393 
Cubic inches. 


16.584 
Cubic inches. 


17.996 
Cubic incbM 


Oases. 


Carbonic acid 


4.B 
0.1 


8.B 

0.4 


3.8 
1.6 


Sulphuretted hydrogen 




' 


, New Hampshire, owing to the general elevation of the State, is Bome- 




observed for a series ot years in this State was 98°; the lowest 30% and 


the range 120°. 




are cold and long; the suramers ahort, but frequently for a few days at a 


time exceedingly hot. The mean annual temperature is 40'; the aver- 


age maiimom, 91°; ayerage minimum, 28°; and annual average range 


120°. 


Rhode Island, by reason of a somewhat insular position, has a slightly 


milder climate than the adjacent States. The mean annual temperature 


of the State ranges from 47° to 51°. The average mean of Providence, 


49.94", and the average annual range seldom exceeds 100°. Of Newport, 


Surgeons J. F. Head and John Campbell, U. S. Army, in their official 


report of fouryears' observations at Fort Adams,' observe: 






ties, which, with the facilities for sea-bathing, have made Newport a 


summer resort, are due to its insular position, its general slope toward 


the south, and doubtless to the nearness of the western edge of the Gulf 


^^^ 'Op. cit., p. S. 
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Stream. The winter temperature is much milder than that of Prori- 
dence, and the summers are remarkably cool aud equable. The same 
caaite, howeyer, whicli produces these results occaeioiis, in spring and 
early summer, the heavy foga for which this vicinity is famous. The in- 
fluence of the dampness npon the health of the inhabitants is leas un- 
favorable than might reasonably be expected." 

Dr. H. R. Storer, of Newport, has also remarked upon the special 
advantages of Newport as a " winter resort for consumptives," on ac- 
count of its insular position.' He cites statistics which show that in a 
Eummary of the mortahty from consumption in twenty-five towns in Mas- 
sachusetts, chiefly inland, where there was the least mortality, 2.25 per 
cent of the inhabitants, for a period of ten years — 1856-65— the rate in 
Newport was only a little more than half as large, 1.53 per cent. And 
in comparing the effects of the moist atmosphere of Newport with that 
of soil moisture, he quotes from a paper on the Isle of Shoals, off the 
New Hampshire shore, by Dr. H. I, Bowditch, who states : " I am oer- 
tain that, in many cases of early phthisis, the tonic, clear, soft air of the 
Isles of Shoals in summer haa been of immense service. The winds 
were violent, but the temperature was less severe than in corresponding 
ptaces on sliore. These winds will, however, always prevent many from 
residing at the Shoals during the winter. 

" It may be objected that, in suggesting an island, I virtually ignore 
all my previous statements in regard to the influence of moisture as a 
cause of consumption. I answer, first, that it is evident that a small 
island with an ocean climate may, and probably would, produce very 
different effects on a patient from those caused by a low and damp place 
on land. Hence the two places are evidently wholly under different iu- 
llaences. The two spots are not analogous. But second, in the place I 
have named, I, in reality, do not vary from the rule of dryness of the 
soil, for they are either mere rocks rising out of the ocean, with no 
marshes near, or they are masses of sand, so to speak, and are essentially 
dry of character. Hence they do, in reality, fall within the rule, only 
they have the oceanic atmosphere instead of the land atmosphere encir- 
cling and covering them. 

" It is partof my medical faith that within fifty years our commu- 
nity will occupy this aud kindred islands as places peculiarly fitted for 
many of our citizens, who prefer to remain near home to seeking health 
further south. Thoy will be in some measure to New England what the 
Isle of Wight is to Great Britain, although the beauties of the two places 
will be forever very different, and thu climate of the Shoals less gracious 
than that of the mild, almost tropical aira of the Undercliff, or that of 
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the island of Nantacket, Martha's Vineyard, on our own shores, vbich 
experience some of the genial influences of the Gulf Stream."' 

In Connecticut, the climate is in no material respect different from 
the interior of the adjacent Staten. Awav from the sea-board the snow lies 
on the ground for manv months, and the winter weather is intensely cold. 

In the valley, heavy fogs prevail during a portion of the summer 
and antumn, and some writers are wont to attribute the large percent- 
age of deaths from consumption to the dampness of the atmosphere from 
this cause, but there is no excess of consumption in Connecticut over the 
other New England States; indeed, aa may be seen by reference to the 
table, it is less than in some. 

Several contributors to current sanitary literature make it appear 
that, in recent years, there has been an increase of malarial fevers in 
New England, particularly in Massachusetts and Connecticut. 

But the facts brought out rather indicate that there is an increasing 
attention to the subject; that from the first, so far as any reliable his- 
tory of those diseases in New England exists, they have prevailed more 
or less according to the number of the inhabitants, in various swampy 
and soil-saturated districts, aa they do under favorable temperatures in 
other regions. The summers and autumns being shorter, their season 
of prevalence is proportionately so. Moreover, with the same local con- 
ditions which promote malarial fevers in warm weather, phthisis and 
other lung diseases are promoted in cold weather. 

The mineral springs of New England most esteemed are, in Massachu- 

setts, Milford Springs, near Amherst Station, Hillsborough County, 

reached via Boston, Lowell, and Concord Eailroad. The waters of these 

springs are mild alkaline, and chalybeate. 

Analysis. 

Milford Springs. 



Carbonate of soda 

Carbonate of iron 

Carbonate of lime 

Chloride of sodium 

Sulphate of potnsaa 

Sulphate of soda 

Sulphate of iron 

Oxide of iron 

Phosphate of soda 

Phosphate of lime 

Silica ... 

Total , 

Topngraphical Distribution, c 



0.113 
0.S25 

0.070 
0.125 



i 



I 




Massachusetts," lS6t. 
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There are two or three other springs at the same place — one maguesia 
— of the same general character. 

Berkshire Soda Spring, near Great Barrington, in Berkshire Owmty, 
u said to contain chlorine, carbonic acid, alumina, and soda. There is 
no analysis. 

In Vermont there is a considerable variety of mineral waters, and 
some of them are of high repute. 

Highgala Springs, in Franklin County, near Scranton, on the Ver- 
mont Central Railroad; Newbury Springs, in Orange County, on Con- 
necticnt and Passumpsic Railroad to Newburg: and Alburg Springs, in 
Grand Isle County, Alburg Springs Station, on Vermont Central Rail- 
road, have long been known as valuable sulphur waters. 

Sheldon Springs, in Franklin County, Miseisquoi Valley Railroad to 
Sheldon, are chalybeate. 

Midfllelown Springs, in Rutland County, seven miles from Poultney, 
the Dearest railroad station, are alkaline-calcic. 

ANALYSIS. 



Highgate Spri?igs. 




One plot conUlna. 


CluunpEBlD Spring. 
A. A. Httye*. 


T, SWrry HunL 


Solids. 


QraiDB. 
0.459 
0.15B 
0.153 
0.127 
Trace. 
0.083 
0.021 

o.im' 
Q.m 

0.103 


Grains. 




0.1713 






Carbonate of Biumoaia. 




Chloride of Hodium 

Sulphate of soda 

Ptotoxideof iron.... 

Potaasa and boracio acid 

Crenicacid 


8.B80 
0.3UQ 


Total 


s.sas 



Neiabury Springs. 

One pint contains (Prof. Hall): 

Solids. Onlna. 

GsTbonate of soda, ...... 0,60 

Carbonate of magnesia, ..... 0.30 

Carbonate of lime, ....,, 2,20 

Chloride of sodium, ..... 0.01 

Snlphata of soda, ...... 0.30 

Sulphate of magnesia, ..... .03 
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Phosphate of iron. 
Protoxide of iron, , 
Nitrate of potassa, 
HydroBulphate of soda. 
Silica and suspended clay, 
Organic matter and ammonia, 



Total, 



Sulphuretted hydrogen gas, undetermined. 

Alburg Springs. 
One pint contains (C. T. Jackson, M.D.): 

SOUDS. 

Chloride of sodium, .... 

Chloride of magnesium, 

Chloride of calcium and carbonate of lime, 

Sulphate of potassium and sulphate of potassa. 

Sulphate of soda, ^. 

Insoluble matters. 

Organic acid of the soil (crenic acid) and loss, 

Total, ..... 



Grains. 
0.05 

trace. 
0.05 
0.04 
1.10 
0.03 

4.66 



Grains. 
1.095 
0.627 
1.601 
1.287 
0.887 
0.100 
0.250 

4.797 



Sheldon Springs. 
One pint contains (S. Dana Hayes): 

SOUDS. 

Potash, ...... 

Sodium, ..... 

Soda, ...... 

Ammonia, ..... 

Lime, ...... 

Magnesia, ..... 

Protoxide of iron, .... 

Sulphuric acid, .... 

Silicic acid, . . . . . 

Carbonic acid (combined), 
Crenic acid and organic matter, 
Chlorine, • . * . . 



Total, 



Grains. 
0.012 
0.018 
0.501 

traces. 
0.184 
0.020 
0.001 
0.068 
0.673 
0.264 
0,858 
0.020 

1.964 



This water is chiefly remarkable for the very large proportion of 
silicic acid it holds insolation — ^^more/' the analyst remarks, ^^than 
any other on record.'' 
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Middhtown Springs. 

One pint contains {Prof. Peter Collier): 

SOUDS. OraiDB. 

CarboDat« of soda, ...... 0,403 

Carbooate of magoesia, ..... 0.158 

Carbonate of lime, ...... 0.4IS 

Carbonate of iron. ..... 0.197 

Carbonate of manganese, ..... 0.147 

Chloride of potaaaium, . ■ . . . 0.168 

Chloride of sodium, ...... 0.027 

Sulphate of iime, ...... 0.018 

Alumina, ....... O.OIO 

Total 1.510 

Elgin Spring, in Addison County, a few miles from Vergennea, is 
purgative. Of the water of this spring there is no reliable analysis; 
but its most active ingredient is said to he sulphate of magnesia. The 
other ingredients are carbonates of soda and lime, sulphates of soda and 
iron, and carbonic acid gas. 

Weldfn Spring, near St. Albans, is remarkable for containing iodide 
of magnesium and crenate of iron. It contains besides carbonates of 
sods, magnesia, and lime; chloride of sodium, sulphates of potassa and 
lime. 

Clarertdon Spring, in Butland County, West Rutland Station, via 
BeoBselaer and Saratoga Railroad, is of calcic water; contains in one 
pint, carbonate of lime. 0.38 grains; muriate of lime, sulphates of soda 
and magnesia, 0,.3-t grains; and free nitrogen (for which it is remarkable) 
1.20 cubic inches (A. A. Hayes, M.D.). It also contains a large amount 
of carbonic acid gas, rendering it acceptable to the stomach. 

There are several other springs of local repute, in various parts of 
the State, hut no analyses of the waters exist by which their properties 
can be determined. 

In New Hampshire, the only mineral springs which have attracted 
public attention are the Birch-Dale, near Concord, in Merrimac County. 
One pint of the water contains (Prof. C. F. Chandler) : 

SOUDB. Grains. 

Carbonate of soda, ...... 0.(116 

Carbonate of magnesia, ..... 0.063 

Carbonate of iron, ...... 0.034 

Carbonate of lime, ..... 0.182 

Chloride of sodium, ,...,. 0.047 

Sulphate of potassa, ..... 0.003 

Sulphate of soda, ...... 0.001 

0.014 
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Silica, ....,.,. 0.115 

Otgaoic matter, ,,,,,. 0.084 

l^tal 0.6M 

In Maine, the Summit Spring, in Cumberland Conuty, nine miles 
from Norway Station, on the Grand Trunk Railroad, has recently been 
advertised a good deal as a " mineral " water of exceptional purity. 
One pint oontainB (40" F., F. L. Bartlett): ^m 

SouDS. OrainB. ^^ 

Carbonate of sods, .... , 0.17S ^H 

Carbonate of magnesia, ..... O.OSl ^^| 

Carbonate of time, ...... 0183 ^^| 

Chloride of sodium, ..... 0.021 ^^| 

Oxide of iron and alumina, ..... traoes ^^| 

Silica, 0.132 ^H 

Organic and volatile matter, .... 0.030 ^^| 

Total, 0..'501 

This water contains less of solid constituents than the Croton of New 
York, or the average of river-water aupplies. Its properties are nega- 
tive. 

In Connecticut, Stafford Springs, in Tolland County, have long been 
known, but they have never attracted the attention which the earliest 
description of them seems to warrant. In Tumbull's History of Con- 
necticut, 1818, is the following account: " The springs are two in 
number. The 6rst discovered contains iron, held in solution by the- 
carbonic acid, or fixed air, natron or native alkali, a small proportion of 
marine salt, iodine, soda, magnesia, and some earthy substances. Tlie- 
other ia charged principally with hydrogen gas of sulphur; it also con- 
tains a very minute portion of iron. The spring first discovered is pro- 
nounced by chemists to be one of the best chalybeate springs in the 
United States," Prof. C. TJ. Shepard, in his report of the " Geological 
Survey " of the State, 1837, states that these springs are the most im 
portiant in the State. 





CHAPTER XYI. 

THE CLIMATOLOGICAL TOPOGRAPHY AND MINERAI* 
SPRINGS OF THE MISSISSIPPI BASIN. 

This is a vast plain of 1,344,000 square miles in extent, which pos- 
sesses the advantage of being warmed at the north by the great lakes, and 
on the sonth by the Gulf of Mexico. The area of the lakes comprehends 
nearly 100,000 square miles, and this area parlakes of the general charac- 
teristioB — is indeed an extension of the Misaissippi Valley into an ascending: 
slope of granite bills and mountains of moderate height on the north, 
with a descending gradient all the way to the Gnlf. Moreover, on each 
side of this region of the lakes there is a very gradual ascent to the- 
hij^hlands, easterly and westerly, as there is for the whole length of the 
basin. The attitude of the rise, however, bounding so great an espaQB& 
between, exercises but little or no influence on the climate. The warm- 
ing influence of the lakes in the northern expanse, and the Gulf of 
Mexico on the southern border, together with the extensive forests. 
thronghout, abundantly account for the prevailing high temperature, 
greater humidity and equability of climate in all respects in this, as 
compared with corresponding latitudes in the more elevated regions. 

Michigan and Wisconsin virtually have the same climate. In the- 
eastern peninsula of the former, there is a rugged range of mountainous 
hills, whose greatest altitude is about 2,000 feet above the sea level, and 
1,400 feet above the level of Lake Michigan, The latter, properly 
speaking, has no mountains. In the northern portion of the State, an 
elevation to the extreme height of 1,800 feet, known as the Iron range 
of hills, dividfs the tributaries of the Mississippi from the waters which. 
Sow into Lake Superior ; and a second range about half as high, which 
divides the tributaries of the Mississippi from the streams falling into 
Green Bay and Lake Michigan. There are besides, in both States, sev- 
eral elevations from two or three hundred to about a thousand feet, but 
none of sufficient altitude to exercise any material influence on tha 
dimate, which is greatly modified in both by the proximity of the great 
lakes. In Michigan, the mean annual temperature of the lower penin- 
sula is about 47' 25', in the upper, 40° 40'. In Wisconsin, the mean 
annual temperature is, in the southern border, about 45'; in the north- 
ern about 40°. 
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The peculiarities of the climate of Michigan have recently been sIH 
mirably Bummarized by Dr. Henry B. Baker, Secretary of the Michigai^ 
State Board of Health, in a contribution to '* Deecriptive Americyi," 
under the title of " Climate and Health of Michigan," but it is of much 
broader significance. The following ia an extract: 
1 " The estent of territory north and south is bo great that there is a 
considerable difference between the temperature of the moat ' northern 
and that of the most southern part of the State. What that difference _ 
ifi, and eeveral other facts, can be well shown by ^H 

Table 1. 

Xatitude and Longitude, Elevation above Sm Level, and the Average 
Temperature, in 1883, at 22 Meteornhgical Stations in Michigan, — 
the names of the stations being arranged in order by latitude, highest 
first. 


LockllUe- In OHw ot Latltuds.- 
Tboaa FarttaeM Noitb, Fine 


■»» 


LonKitudfl 
Oreeairicli. 


Altitude 


F^r. 


marquette 


46°88' 
45'46' 
45=5- 
44'4J5' 
44°39' 
43°44' 
48' 1 8' 
43'5' 
42°88' 
43'55' 
43°44' 
43-40' 
43°40' 
48°30' 
43''30' 
43-20' 
42^8' 
43*17' 
ia°17' 
43''8' 
43°!' 
41'55' 


87M4' 
88=28' 
SSMC 

83° 18' 
85''38' 
83°31' 

86-18' 
83''29' 
83" 19' 

Sl°88' 

85'17' 

83° 

84"34' 

83°2' 

83' 11' 

85°35' 

83°44' 

84°58' 

85°25' 

B3°57' 

84°34' 


638.07 
594.893 
687.9 
S98. 

1.016. " 
830. 
S95.3 
600. 

B75. 
900. 
7S0. 
748.88 

602 !e' 

800. 
975. 
980. 
885. 
871. 
835. 
138. 


43.76 ^1 

43.68 ^ 
40.18 
44.69 
45.68 
47.91 

4S.ie ^^ 
45.78 H 
49.09 -^1 
49.98 ■ 
47. »4 ■ 
47. 8S ^M 
47.es ^1 
51.90 ^1 
50.30 V 

48.69 ^ 
47.81 
49.68 

48. Gl 
48.06 

47.70 ■ 


Alpeoa 








Grand Haven 

PortHuron 












Baltie Greek 

Kalamazoo 

Ann Arbor 

Marshall 


HiLsdale 


" The average temperature for several stationa in Miehigan for tho ^' 
six yeara (1877-82), is atated by montha, in Table No. 3, which is given 
helow. 

" The author of the article on ' Climate,' in the latest edition of the 
'Encyclopsedia Britannica,' after speaking of a region which he claims 
presents more sudden transitions of climate than any other portion of 
the globe, says {page 6, vol. VI.): 'A direct contrast to this is offereti _. 
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by the United States to the east of the Mississippi, a region charaoter- 
iied by a remarkable imirorraity in the distribution of its rain-fall at all 
seasons, which, taken in connection with its temperature, affords cli- 
matic conditions admirably adapted for a Tigoroue growth of trees, and 
for the great staplo products of agricultare.' He might have added 
that for similar reasons the climate is also admirably adapted for the 
maintenance of vigorous health. So far as relates to the equability of 
the temperature, Michigan is the moat favorably situated of these favored 
States, because of the great lakes which nearly surround the State except 
on its southern border, and which tend to still further equalize the tem- 
perature, by cooling the air in summer and warming it in winter, these 
being well-known effects of large bodies of water. The modifj-ing effect 
on the summer temperature is perhaps most noticeable in June, which , 
is a very delightful month in Michigan. 

" The average daily range of temperature in Michigan, as shown by 
self- registering thermometers, is shown in one line of Table 2. If com- 
puted from observations made only three times a day, instead of contin- 
aously, it would appear much less. 

"The absolute humidity of the atmosphere is now known to have 
close relations to healthfiilucss, as respects quite a number of diseases; 
a warm, moist atmosphere being favorable to health so far as regards 
thelnngsand air-passages, and unfavorable to children and others lia- 
ble to suffer from diarrh(Ba and diseases of the bowels and digestive 
organs. The curve in a diagram representing the absolute humidity in 
Michigan is very nearly the same as the curve representing the sickness 
reported from diarrhcea. from cholera infantum, or from cholera mor- 
bus; and 03 the quantity of moisture in the air is greatly dependent 
upon its temperature, increasing as the temperature rises, and decreas- 
ing as it falls, any cooling of the atmosphere in summer by the great lakes 
tends to lessen the actual humidity of the atmosphere at the very time of 
year when most beneficial, that is to say, when humidity is most harmful; 
on the other hand, any warming of the winter air, by passing over the 
great lakes, tends to increase its humidity at the very time of year when 
most needed, that is to say, when dryness of the air seems to be most 
harmful;' because the investigations which have been carried on in this 
State during the past ten years have proved that the sickness from bron- 
chitis, and from inflammation of the lungs increases immediately after 
the occurrence of co!d. dry air, and decreases immediately after the oc- 
currence of warm, moist air; the curves for these diseases being some- 
what like and following the reversed curve for absolute humidity. 

' '■ The writer knowa very well that in England it is claimed tbat it is the cold. 
moist air which is most coincident witli diseaseB of the lungs and air-passages; 
but it must be understood that when those who have studied the subject in 
EaKlaud speak of humidity, they do not mean the actual humidity, but, on the 
contrary, they refer to the relative humidity or per cent of saturation, the curve 
of which is very different from the curve of absolute humidity." 
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"Although the relative humidity has not been proved to have 
very close relations to health, the fucta respecting it may ae well be 
stated, especially as meteorologiatB have quite generally supposed that 
it must have great influence. It will bo seen from the fourth line in 
Table 2 that in Michigan the air is not more than three-fourths satu- 
rated in any month in summer, when, as we now know, actual humidity 
of the air ia unfavorable, and that the air is more than three-fourths 
saturated in every mouth in winter, when, as we now know, a dry, cold 
air ia unfavorable because of its influence in causing diseases of the air- 
paaaagea. The line referred to ia an average line for a period of yeara, 
and also an average for several stations; it therefore represents the State 
as a whole. If we were to examine the averages by months for each 
year, or for each station, exceptions would be found to the statement 
just made as to the per cent of saturation of the air in summer and 
winter, but those statements are made with reference to the State con- 
sidered as a whole." 

Michigan is rich in mineral springs — saline, calcic, sulphur, alka- 
line, chalybeate, and purgative. 



1. SALINE WATERS. 

Michigan Co?igregs Spring, Lansing. 

One pint contains {53^° F., Dr. Jennings): 

SouDs. Oraina. 

Carbonate of soda, ...... 8.0M 

Carbonate of magnesia, ...... 1.4S1 

Carbooata of Iron, ...... 0.143 

Carbonate of lime, 7.TS3 

Chloride of sodium 83.849 

Sulphate of potasaa, ...... 1.534 

Sulphate of Boda, 8.131 

Silica, 0.418 

Total 65.887 

Carbonic acid gas 24^ cubic inches. 

Fruit Port Well, Fruit Port, Ottowa County, One pint contains 
(48'F., 0. G. Wheeler): 

Soups. Oraina. 

Carbonate of soda, ...... 0.565 

CarbonatB of magnesia, ...<•> 0.808 

Carbonate of iron 0.680 

Carbonate of manganese, ...... 0.010 

Carbonate of lime, ...... 0.448 

Chloride of potasaium, ...... O.OM 

Chloride of sodium B8.003 

Chloride of magneaiuui, ...■■■ 5.851 ' 
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Chloride of lime, 
Sulphate of soda, . 
Bromide of magnesioip, 
Silica and silicates, 

Total, 



Grains. 
13.888 
6.749 
0.095 
1.825 
trace 

86.971 



Spring Lake Well, Spring Lake^ Ottowa County. One pint con*' 
tains (C. G. Wheeler): 

Solids. Grains. 

Carbonate of soda, ...... 0.005 

Carbonate of magnesia, ...... trace 

Carbonate of iron, ...... 0.093 

Carbonate of manganese, . • • • • 0.006 

Carbonate of lime, ...... 0.012 

Chloride of potassium, ...... 0.586 

Chloride of sodium, ...... 60.691 

Chloride of calcium, ....•• 4.525 

Sulphate of soda, . . . . • . 14.177 

Bromide of magnesium, . . .... 5.887 

Alumina, ....... 0.271 

Ammonia, •••.•••• trace 

Uthia, 0.002 

Silica, ........ trace. 

Organic matter, ...... 0.068 

2.286 



Total, 



.78.608 



This water, and that of the Fruit Port Well also, are said to resem- 
ble the celebrated waters of Kreuznach Springs, in Prussia. 

Orand Haven Mineral Springs, Grand Haven^ Ottowa County, 
One pint contains (C. 6. Wheeler): 

SouDB. Grains. 

Carbonate of potassa, ...... 0.848 



Carbonate of soda, 
Carbonate of magnesia. 
Carbonate of iron. 
Carbonate of lime, 
Chloride of potassium. 
Chloride of sodium, 
Chloride of magnesium, 
Chloride of calcium, . 
Sulphate of soda, . 
Iodide of magnesium, . 
Bromide of magnesium, 
Fluoride of calcium, . 
Alumina, . 
Silicic acid. 



0.261 
0.190 
0.010 
0.251 
0.241 

88.254 
8.941 

18.507 
8.911 
0.006 
0.022 
0.006 
0.087 
0.183 



Total, 



76.113 
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Mt. Clemenf. Macomb County, twenty miles Dortheaet of Detroit, 
1 the Chicago and Grand Trunk Railroad. One pint contains (56 F., 
. F. Meier): 

Solids. Grains. 

Carbonate of magnesia, , , . , trace 

Carbonate of lime, ...... 0.487 

Chloride of eodium, ...... 1079.680 

Chloride of magnesium, ...... 16.200 

Chloride of calcium, ..... 21,503 

Sulphate of soda, .,...,, 0.656 

Sulphate of Ume 4.400 

Siilpliat« of iron, ...•,.. trace 

Iodine, ....... 0.04ft 

Silica and alumina, ...... 1.131 

Oncanic matter. ..,,.. trace 

Ammonia, . . . . , , . . trace 

Potassium salts, ...... trace 

Total 1183,146 

Sulphuretted hydrogen 3,44 cubic inches. Carbonic acid, trace. 



2. CALCIC WATERS. 

Butterworth Springs, Grand Eapids, Kent County. One pint con- 
tains (53° P., S. P. Duffleld): 



Solids. 


Grains 


Carbonate of aoda, 


0.434 


Carbonate of magnesia, . 


. 0,433 


Carbonate of ii-on, 


0.088 


Carbonate of lime. 


. 0,724 


Chloride of potassium. 


1,227 








S.23a 






Sulphate of lime, 


e,899 


Silica, 




Alumina, .... 


0.031 


Organic matter and loss, . 


. 0.083 


Total 


20.081 



Hubbardslon Well, Hubbardaton, Ionia County. From Detroit via 
Detroit and Milwaukee Railroad, to Penamo, thence by stage. One 
pint contains (Prof. P. H. Douglass): 



Souns, 
Carbonate of magneslu. 
Carbonate of lime. 



Onina. 

0.7H 
2.067 



176 



TOPOQAAPHY, ETC., OP TUB KI88I88IPPI BA8IK. 



Protoxide of iron. 
Silica, 



QraiiiB. 
0.019 
0.017 



Total, . 



2.879 



Eaton Rapids Wells, Eaton Bapids, Eaton County, on Grand 
IBiver Valley Bailroad. 



One pint contains. 



Solids. 

Carbonate of potassa 

Carbonate of soda 

Carbonate of magnesia 

Carbonate of iron 

Carbonate of lime 

Chloride of sodium 

Sulphate of soda 

Sulphate of magnesia. 

Sulphate of lime 

Nitrate of ammonia 

Silicic acid 

Silica • 

Organic matter and loss. . . 



•2 
•I 

00 



Total 



Gases. 



Carbonic acid 

43ulphuretted hydrogen. . . 



Grains. 



0.949 
0.248 
4.816 
0.959 



0.488 



1.689 
0.094 



9.188 

Cubic in. 
2.82 



I 



4 



M 



t 






Grains. 

0.159 
0.446 
0.480 
0.154 
2.592 
0.112 



6.016 
trace 
0.175 

• • • • 

0.112 



11.246 



Cubic in. 

2 
trace 






Qrains. 

0.144 
0.672 
0.565 
0.125 
2.429 
0.112 

• • • • 

• • • • 

5.645 
trace 
0.817 

... * 
0.106 



10.115 



Cubic in. 

1.92 
trace 



So 



Qrains. 

.... 
0.542 

0.'2i^ 



1.811 
0.978 
5.748 



8.871 



Cubic in. 
2 






Qrains. 

0.284 
0.472 
0.622 
0.808 
8.518 
0.187 



7.187 

• • • • 

• • • • 

0.250 



12.718 



Cubic in. 
2 



3. SULPHUE WATEBS. 

Alpena Well, Alpena^ Alpena County. Steamboat from Bay City. 
One pint contains (62° F., S. P. Duffield): 

SOUDS. Grains. 

Carbonate of potassa, ...•.• trace 

Carbonate of soda, ••.... 1.864 

Carbonate of magnesia, ...... 4.661 

Carbonate of iron, ••.••, 0.170 

Carbonate of lime, ...... 4.787 

Chloride of sodium, ••.... 8.582 

Sulphate of lime, ....... 8.757 

Alumina and silica, ••••.. 0.886 



Total, 



24.667 
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Carboufc acid, ,,..... l.OS 

Bulphuretted hydrogen, ..••■, iAi 
Nitrogen, 0.08 

■4. ALKALINE WATEB3. 

St. Louis Spring, St. Louis, Gratiot County, on railroad from 
East Saginaw. One pint contains (50^ F., S. P. Duffield, M.D.): 



Carbonate of soda, 
Carbonate of magnesia, 
Carbonate oF iron, 
Carbonate of lime, 
Qiloride of lime, . 
Sulphate of lime, , 

Silicate of lime. 
Silica, . 
Organic matter and loss, 



0.091 
S.OIfl 

8.915 
0.700 
0.390 



22,006 
10 cubic inches; sulphuretted hydrogen, trace 



5, CHALYBEATE WATEK3. 

Owosso Spring, Owoaao, Shiawassee County, on Detroit and Mil- 
waukee Railroad. One pint contains: 

SOLms. Grains. 

Carbonate of magnesia, .,..,. 1.418 

Carbonate of iron, .,,... 1.443 

Carbonate of linie, ...... 2.228 

Chlorides of aodium and potassium, , , . 0.203 

Silica and alumina. ....,, 0,077 



Total, 



5.433 



6. PUaOATIVE WATEfiS. 

Midland Well, Midland, Midland County, on Flint and Pi-re Mar- 
quette Bailroad. One pint containa (47' F., S. P. Duffield, M.D.): 

Solids. Grains. 

Chloride of sodium, ...... 3.405 

Chloride of magnesium, ..... 0.228 

Chloride of calcium, " , , , . . . 0.647 

Sulphate of potaesa, ...,., 8.999 

Sulphate of BOda, ,..,.., S.S98 

Sulphate of lime, ....,, 0,464 

Phosphate of alumina, ...... 0.180 

Silica, ........ 0.308 

12 
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Organic matter 
L068, 



• » • 

• • • 



Total, 



Grains. 

. 0.257 

0.899 

. 16.680 



There are several other springs of local repute in Michigan^ with 
properties more or less approximating those above given. 

In Wisconsin, the Bethesda Springs, at Waukesha, Waukesha 
County, on the Prairie du Ghien Bailroad, are of considerable reputation 
for their calcic properties. One pint contains (60'' F., Prof. 0. F» 
Chandler): 

SouDS. Qrains. 

Carbonate of soda, . . . • • . 0.109 

Carbonate of magnesia, ...... 0.918 

Carbonate of iron, ••••,. 0.004 

Carbonate of lime, ...... 1.478 

Chloride of sodium, ...... 0.145 

Sulphate of potassa, ...... 0.057 

Sulphate of soda, ...... 0,068 

Phosphate of soda, ...... trace 

Alumina, . ...... 0.015 

Silica, 0.092 

Organic matter, ...... 0.248 

Total, 8.184 

Silurian Springs, also at Waukesha, possesses properties similar to 
the Bethesda. 

Sparta Springs, Sparta, Monroe County, on Chicago, Milwaukee, 
and St. Paul Bailroad, two hundred and fifty miles from Chicago, 
possess strong chalybeate properties, in conjunction with aperient sul- 
phates. One pint contains (J. M. Hersh): 



Solids. 
Carbonate of soda. 
Carbonate of magnesia. 
Carbonate of iron, 
Carbonate of manganese, 
Carbonate of lime, 
Carbonate of ammonia. 
Carbonate of lithia, 
Carbonate of strontia. 
Carbonate of baryta, • 
Sulphate of potassa, 
Sulphate of soda. 
Sulphate of lime, 
Chloride of sodium. 
Chloride of calcium, 
Phosphate of soda, 
Phosphate of alumina. 



Grains. 
0.026 
0.508 
1.792 
trace 
0.050 
trage 
0.003 
0.002 
trace 
0.080 
0.277 
0.022 
0.018 
0.075 
0.008 
0.007 
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Grains. ^^H 
Iodide of sodium trace ^^H 


f 




Suiphuratted hydrogen gas, a trace. 

Minnesota has an average elevation of about 1,275 feet above the 
level of the sea, varying from 600 to about 3,500. It has extetiBive pine 
forests, and a climate of high repute for consumptives. 

Observations extending over a period of thirty-five years record an 
annual mean temperature in spring and, autumn, 45"; summer, 70°; and 
in winter, 16°, 

Dr. C. N. Hewitt, Secretary of the State Board of Health, recently 
submitted meteorological statistics of the State to the World's Industrial 
Eipoaition in New Orleans, as follows: 

" Mean temperature of all Minnesota betow 47th meridian of latitude, 
except east half of counties aloug Iowa line, 40°. 

" This (40°) is also the summer mean of the Eed River Valley as far 
north as Pembina. 

" Best of State, extending to Eainy Kiver, has mean temperature 
36' F." 

This following table gives mean annual temperature for nine years. 




T,„p.™tu«. 


Hamldit]'. 


a 

8 
4 

5 

6 
T 

8 


1876— November, 1875, to No 

1877— •■ 1876 

1878— " 1877 

1879— '■ 1879 

1880— '■ 1879 

1881— '■ Ii80 
1888— ■• 1881 
188S- " 1883 


member, 1876 

1877 

1878 

1879 

1880 

1881 

1883 

1888 


42.60 
43.73 
48.25 
43,64 
45.90 
43.03 
45.14 
89.06 


68,06 
flfl.67 
69.81 
67.66 

67 95 

68 51 
68.33 
71.54 


ISSI— January, 1834, to Januaiy 1885 (for St. Paul), 


43.78 


73,70 






43.05 


69.0S 






Average for fourteen yeara at St 




45.3 


60,1 




Rain-fall of different parts of State is as follows: ^M 


' Stations of observation, in number eight to twelve at dilT^rent times, in- ^M 
oloded the eitremes of the State, Dulutli in N.E.. Winona in S.E., Moorhead in H 
N.W., and St. Peter in S.W.. and several intermediate atations. Taken from the ^H 
State Board of Health Meteorological Reports. ^H 
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Big Stone region, Average annual, 28 inchea. 

Southeast portion, , , . " 40 " 

Head or MissiSBippi, . . " 24 " 

Near Pembina, ... " 20 " 

For nine years ending 1883, melted anow and rain-fall by eeasone is: 



Winter montlu ranged, . l.W to 4.08 inches. 

Spring " ■• . . , G " 8.76 " 

Summer " ■■ ... 0.13 " 18.89 " 

Autumn ■• ■■ ... 4.56 " 7.80 " 
For St. Paul, during 1884, total raintall (including enon) 

WBB 36.11 '■ 

Average for fourteen years, . , , 33.98 " 



Dakota, NBhraaka, and Iowa have the same soface characteristics in 
general as, but less elevated than, Minnesota. Diversified by high 
rolling lands and corresponding valleys, Iowa ia exceptional in being 
more level, and with an average elevation above the level of the aea of 
only about 850 feet. There is comparatively little swampy land, how- 
ever, in any of these States. The climate is considerably modified by 
extensive forests, and is generally healthy. 

Illinois seems to begin, as it wers, in an altitude of about 800 feet 
above the ssa-Ievel at its northern and northeastern boundary, and 
gradually descends toward the Mississippi and Ohio Rivers. There are 
a few bluffs and hills in the N. W. section of the State, bat none of 
greater height than 800 feet. The Grand Prairie at its highest part is 
only 500 feet above the level of the sea; and at its lowest portion, at the 
junction of the Mississippi and Ohio, it is only 340 feet above the level 
of the Gulf of Mexico. The State ia, therefore, very nearly level. Yet, 
stretching as it does over five and a half degrees of latitude, there is, of 
course, considerable variety in the climate. In the northern portion the 
temperature is about the same as the southern portion of the adjacent 
States. For special data of meteorological records, the tables on other 
pages may be referred to. 

The climate is generally healthy. But in certain low and swampj 
bottom lands iu the southern part of the State, intermittent and remit-'* 
tent fevers, and other malarial diseases, are commonly prevalent in the 
summer and autumn. As may be seen by table, the ratio of deaths from 
consumption ia relatively small. 

Indiana and Ohio virtually occupy the same plane. Both are devoid 
of mountains. The table land of Ohio, the watershed which divides the 
streams which flow into Lake Erie from those which flow into the tribu- 
taries of the Ohio Biver, ia elevated above the level of the aea from 1,000 
to 1,400 feet. Besides this, there are no elevations in either of these 
States above 700 feet. But the climate is far from being equable, prob- 
ab}j- Oae. particularly in Ohio, to the destruction of the forests. Sixty 



I 



3r 




TOPOOSAPHY, BTU., OF THE lOaSIBeiFFl BASIN. 

years ago, more than four-fifths of the anrface of this State was coyered 
with foreeta; now there is less than one-fifth, and the destruction still 
goes OQ. In Indiana, the devastations in this respect have been less; hut 
they are Id rapid progress, with a continuous increase of esposed 
surface to the parching raya of the summer sun, and to the hlasta of the 
winter winds. The extremes of temperature, aa may be aeen by refe- 
rence to the table, are great in botJi. 

The climate of Kentucky ia, in general, delightful. The State is 
divided into two unequal areas: the mountain district in the eastern 
and southeastern portion, and the southwestern table laud, extending 
to the banks of the Miaaiasippi. In the former, the Cumberland and 
Pine Rivera, which maintain the general characterietica of the Alle- 
ghanies, reach an altitude above the level of the sea of about 3,000 feet, 
tapering off into a aucceasion of lower ridges, until they spend them- 
selves in hills of from 400 to 1,000 feet over the latter. Lexington, 
which is situatiil on the highest point of the table lands, is 1,070 feet 
above the sea-level. 

The mean annual temperature of the State is about 55*, and the ex- 
tremes, not often reached, from to 100°. 

In Dakota, Nebraska, and Iowa, no mineral springs of importance 
have as yet been described. 

In Illinois, the Perry Springs, in Pike County, six and a half miles 
from Grigpville, a station on the Hannibal and Naples Railroad; and 
Vfr»(tiUes Springs, Versailles, Brown County, a station on the Toledo, 
Wabash, and Western Railroad, possess valuable alkaline properties. 



Perry Springs. 



One pint conUIna, 


ssaa. 


B^-ii^jr.;! 


„-s^.p;-. 


Sou US. 


GrainB. 

0.1B9 
l.USO 
0,051 
1.380 
O.OM 
0.330 
0.015 

3.290 


Grains. 
0.181 
1.0B7 
0.040 
1.T15 
0.187 
C.a85 
0.048 

8.S08 


Grains. 


CarboDHte of magnesia 


0.777 
0.0-'5 






Silic-Ate o( poCassa and sixJa 


0.48L 















Schuyler County Springs (Chalybeate). 
One pint contains (Dr. Blauey): 
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^SOUDS. 

Sulphate of magnesia, 

Sulphate of lime, . 

Protosulphate of iron, . 

Silica, 

Alkaline sulphates. 

Total, 



Qrains. 
0.878 
9.243 

8.745 
0.164 
0.979 



19.503 



Versailles Springs. 



One pint contains. 



Solids. 

Carbonate of potassa and soda. 

Carbonate of soda 

Carbonate of magnesia 

Carbonate of iron 

Carbonate of lime 

Chloride of sodium 

Sulphate of lime 

Potassa. 

Alumina and trace of iron 

SUioa 

Organic matter 



Total 

Carbonic acid, 8 cubic inches. 



Magnes 
Q. A. Marriner. 



Grains. 
0.165 



1.119 
0.008 
1.825 
trace 
trace 



0.175 



• • • • 



8.292 



On ny Spring- 

J. V. Z. Blaney, 

ALD. 



Qrains. 

trace 
0.958 
0.988 



1.514 
trace 
0.261 

■ • • • • 

0.091 
0.102 
trace 

8.854 



Monitor Sprfnfir. 

J. V. Z. Blan«y, 

M.D. 



Grains. 

trace 
0.958 
0.878 
0.267 
2.017 
trace 



• • a . • 

0.218 
trace 

4.828 



In Indiana, there are several sulphur springs of considerable valae, 
and one chalybeate. 

West Baden Spring, one mile distant from French Lick^ is salifie sul- 
phur. One pint contains (E. T. Cox): 



Solids. 
Carbonate of potassa, . 
Carbonate of soda. 
Carbonate of magnesia. 
Carbonate of lime, 
Chloride of sodium. 
Chloride of magnesium. 
Chloride of calcium, . 
Sulphate of potassa, 
Sulphate of soda, 
Sulphate of magnesia. 
Sulphate of lime, 
Sulphate of alumina. 
Oxide of iron, . 
Iodides and bromides. 
Silicic acid. 



Grains. 

0.078 

0.189 

4.895 

5.172 

9.748 

1.425 

0.910 

0.175 

0.888 

4.519 

1.898 

0.569 

0.011 

traces 

0.055 



Total, 



29.478 
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Casks. Cubic in. 

Carbonic acid, ,,,..,. 0.64 

Sulphuretted bjrdrogen, ...... 0.01 

O^ygeD, ........ 0.31 

Nitrog«iii, .,..,... 0.08 

Total, 2.U 

French Lick Springfl, Orange County, Ind., fifteen miles by stage 
from Bhoala, a station on the Ohio and MisaiBSippi Bailroad. 



One pint contain.. 


J. G-'RolenClMD. 


PmH-rplae. 
J. G. Roge™. M.D. 


Solids. 
Carbonate of soda ... 


Orains. 

'ii'.m 

trace 

o.ses 

17 1567 

o^Ma 

S.7M 
7.B78 

SI .984 

Cubic inohee. 

1.87 

8. 11:1 


Qraina. 
1.316 


Carbonate of iron and alumina 

Carbonnte of lime. 


0.313 
2.586 
0.626 












4.900 














TotaJ..., 




Oases. 
Carbonic acid 


Cubic inches. 
1.377 


Total 









Indian Sjirings {Baline-aulphur), Martin Connty, nine miles from 
Shoals station, Ohio and Mississippi Bailroad. One pint contains (53° 
F., K T. Coi): 

Solids. Grains. 
Carbonate of potassa, ...... 0.315 

Carbonate of soda, ....... 0.45S 

Carbonate of magnesia, ..... 3.S68 

Carbonate of lime, ...... 4.138 

Chloride of soda, ...... 4.S2I 

Chloride of magneeium, ...... 0.007 

Sulphate of potassa, ...... 0.300 

Sulphate of Boda, ....... 1.476 

Sulphate of niaKneeia, . , . , . 3.790 

Sulphate of lime, ....... 3.S30 

Sulphate of alumina, ..... 0.104 

Oxide of iron, ....... trace 
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Iodides and bromides, . 
Silicic acid, . 



Grains. 

trace 
0.05« 



Total, . 

Oases. 
Carbonic acid. 
Sulphuretted hydrogen, 
Oxygen, 
Nitrogen, 



20.467 

Cubic in. 
1.19 
0.42 
0.49 
0.81 



Total, 



2.91 



Lodi Artesian Well, hodi, Wabash County^ on Indianapolis and St- 
Louis Railroad^ fifty-eight miles west of Indianapolis^ is also said to be a. 
very valuable saline-sulphur water. 

One pint contains (Dr. Pahle): 



Solids. 

Carbonate of magnesia, 

Carbonate of lime, 

Chloride of sodium. 

Chloride of magnesium, 

Chloride of calcium, 

Sulphate of potassa, 

Sulphate of soda, 

Sulphate of magnesia, 

Sulphate of lime, 

Phosphate of lime, 

Iodide of magnesium. 

Silicic acid, • 

Nitrogenous organic matter. 

Sulphur (mechanically suspended), 



Orains. 

0.082 
0.252 
62.808 
6.692^ 
5.991 

o.ioa 

0.267 
0.40r 
6.944 
0.150* 
0.110 
0.065 
0.100 
0.625 



Total, 

Oases. 
Carbonic acid. 
Sulphuretted hydrogen, 
Oxygen and nitrogen. 



. 84.598 

Cubic in. 
undetermined^ 

0.99 
undetermined. 



Lafayette Well, Lafayette, Tippecanoe County; and Trinity Springs,. 
Martin County, also produce excellent saiine-sulphur waters. 

Greencastle Springs, Oreencastle, Putnam County, thirty-eight miles, 
west from Indianapolis via railroad, are chalybeate. 





North or D^gj Spring 


Ulddls or Dew-Drop Spr. 


Solids. 


Grains. 

0.011 
0.0 IS 
0.588 
0.051 
1.810 
O.OflO 
0.017 
0.181 
0.020 
0.011 
0.012 


Qrains. 


CarboDHte ol Bttda 

Csfbonale of magneBia 

Corboiutie of protoxide of iron 

Carbonate of lime 

Chlorideof Bodium, - 


0.008 
0,667 
0.298 
1.465 

0.087 

o.oia 


Alumina. , , . 


0.009 










Total 


2,771 


2.783 



The mineral wntera of Kentucky are chiefly ttaline- 
purgative. Of the former kind, the Blue Lick Springt 
County, have ]ong been famous for their efficacy in liver 
The Upper Blue Lick Spring contains, in one pint ~ 

and A. Fennel) : 
SouDs, 

Carbonate oF magnesia, . 

Carbonate of linie, .... 

Chloride of potassium. 

Chloride oC sodium, .... 

Chloride of tnagiiesiuin, . . . 

Sulphate of potassa, .... 

Sulphate of lime, .... 

Iodide of magnesium. 

Bromide of magnesium, . 

Alumina: phosphate of lime and peroxide of 

Silicic acid, .... 

Total, ..... 

Oases. 
Carbonic acid, .... 

Sulphuretted liydrogen, ..... 1.03 

The Lower Bine Lick Spring contains the same constitaentB as th& 
"Upper," but more carbonic acitt, and posseases similar properties. 

The Louisville Artesian Well, located at the paper mill of A, V. 
Dnpont & Co., Louisville, is also a pronounced saline-sulphur water of 
excellent quality. One pint contains (70^' F., Prof. J. Lawrence Smith): 
Solids. Grains. 

Carbonate of soda. ... .... 0.237 

Carbonate of magnesia, ..... 0.304 

Carbonate of iron 0.032 

Carbonate of lime, ...... 0.520 
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Chloride of potaBSium, . 
Chloride of sodium. . 
Chloride of magneBium, . 

Chloride of calcium, 
Chloride of lithium. . 
Sulphate of poCaaea, 
Sulphate of soda, 

Sulphate of magnesia, 

Sulphate of lime, , 

Phosphate of soda, . 

Iodide of magneeium, , . 

Bromide of magaeaium. 

Silica, .... 

Organic matter, 

Losa 

Total 

Qases. 
Carbonate acid, . 
Sulphuretted hjdrogen. 
Nitrogen, .... 

Olympian Springs, Bath County, 
Stirling, on Lexington and Big Sandy 
Peter salt-sulphur. One pint contains 

SOUSB. 

Carbonate of magnesia, . 

Carbonate of lime. 
Chloride of potassium. 
Chloride of sodium. 

Sulphate oriime, 
Bromine and iron. 
Alumina. ■ . . . 

Silica, 

Water and loan, . 

Total, 

Drennon Springs, Henry County, ab 
Bedford Springs, Trimble County; WJt 
Breckenridge County; Milldale Mineral 
Springs, in Grayson County; and Esc-h 
are all aaline-snlphur spriuga of good 
diaphoreticB, and slightly aperient. 

Estill Springs, in Eatill County, c 
jpurgative waters. Of the c/talybeate 
Peter)- 


UIBBISSIFPI BASDS. ^^^M 

Grains. ^M 
0.52S ^H 

T7.Q90 ^H 
1.847 ^1 

^H 

0.408 ^M 
fl.OST ^H 
0.967 ^M 
0.235 ^H 
8.679 ^1 

0.044 ^1 
0.058 ^1 

0.080 
I.0I6 

118.050 

Cubic in. ^m 

0.17 ^ 

reached by stage from Mount 
^ilroad, are designated by Dr. 

Grains. ^| 

. . . 0.904 ■ 

trace ^H 

1.334 ^1 
. 20.753 ^1 
6.024 ^M 
trace ^M 
. . . trace ■ 
trace ^M 

^M 

0.82S ^M 

41.613 ^1 

out tea miles from Newcastle; 
le Sulphur and Tar Springs, 
ITe?/, Kenton County; Orayson, 
lapian Springs, Lewis County, 
oca! repute as active diuretics, 

omprehend both chalyieate and H 
spring one pint contains (Dr. ^| 



TOPOOBAPHT, BTO., OF THE lOSSiaaiPPI BASIS. 

SoLiDe. 
Carbonate of d 
Carbonate of iron, 
CarboDBte of limp, 
Chloride of aodium, . 
Sulphate of potaesa, 
Sulphate of soda, 
Sulphate of magaesia. 
Sulphate of lime, 
Alumina and trac« of phoephatea. 
Silica, 
Organic and volatile matter, 



Total, 



0.087 
1.234 
3.084 



Carbonic acid gas, 4.15 cnbio inches. 

Kit iha purgative spring, one pint contains (Dr. Peter): 

Solids. Oraine. 

Carbonate of magneaia, ...... 0.831 

Carbonate of iron, ...... 0.166 

Carbonate of lime, ...... 8.S41 

Chloride of ttodium, ...... 2.301 

Chloride of calcium, ...... 0.311 

Sulphate of potaasa, . . , , . . 818 

Sulphate of magnesia, ...... S2.010 

Sulphate of lime 8.98T 

Silica 0.503 



10.73 



But the most celebrated pnrgative waters of the State are the Crab- 
Orchard Spritigs, Lincoln County, on Louisville and Kashville Railroad. 



Ont pl»i contaltuL 


Foley's Bpring. 
B. Peterj, M.D, 


Sotrder'a Springs. 


Solids. 


Qraina. 
0,855 
trace 
6.«M8 
2.316 
1,339 
7.384 

25.660 
1.349 

'0.408 
4.32S 


rains. 


Carbonale of iron 


3.669 










Sulphate of soda ... 

Sulphate of magnesia 

Sulphate of lime 


2.900 
21.789 

11.146 


Silica 

Lose and moisture 


153 




60.163 









These waters are chiefly used for the production of Crab-Orckard 
Sails, by boiling down the water, of which thousands of pounds are Bold 
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annually, and used as a substitute for Epsom salts, than which they 
less irritant, and, in biliary engorgements, taken in small and repeated 
doses, more efficacious. 

HarrodshuTg Springs, Mercer County, station on Southwestern 
road, have similar properties to the Crab-Orchard Springs, but milder. 

The climate of Tennessee is a continuation of that in Kentucky, with 
an increasing temperature corresponding with hititude, but with the 
advantage of a greater variety, by reason of a considerably more exten- 
sive mountainous area. The Alleghany Moantains extend throughout 
the eastern portion of the State, to the extent of about 3,000 square 
miles and attain an altitude of 5,000 feet above the level of the sea. 
West of this continuoua elevated region, and between it and u ridge of 
the same system of mountains, called the Unaka Mountains, and the 
Cumberland table-laud, is the valley of east Tennessee. This extends- 
from N. E. to S, W. in a siiccession of ridges and valleys, comprehend- 
ing an area of 9,300 square miies, with an average altitude of about 1,000 
feet above the sea, bordered on both sides by much higher lands. Next 
follows the Cumberland table-land, a rocky plateau of 5,000 square miles, 
2,000 feet above tlie level of the sea; this grades off into a terraced de- 
scent, called rim-lands, which extend to the Tennessee River, with an 
average elevation of about 1,000 feet above the sea, and comprehends 
an area of 9,300 square miles. In the middle of this region lies the Cen- 
tral Basin — a depression of 5,455 square miles 300 feet below the rim- 
lands; and finally, beyond the western edge of the high lands, is the 
narrow western valley of the lower Tennessee and its smaller affluents, 
penetrated by outlying spurs, and corresponding valleys of its eastern 
boundary. From this there is a gradual slope toward the Mississippi 
River, which terminates a short distance from its bank into an abrupt 
bluff with an average elevation of about 300 feet above the level of the 
Gulf of Mexico. It is apparent that with such a surface, the climate of 
Tennessee exists in great variety, and as a whole it is probably unexcelled 
in salubrity. 

The mean temperature of the year along the line moving E. and W. 
through the State is in east Tennessee, 57°; Middle Tennessee, 58°: 
West Tennessee, 59°, Along the southern boundary of the State it is 
respectively in corresponding localities, 58°, 59°, and 60°. Along the 
northern border, 56% 5?°, and 5S°. In this statement the valley of East 
Tennessee is not included; this at the northern border has a mean of 
about 55°, and at the southern, about 58°. 

The following summary from authentic data, in addition to general 
tables on previous pages, gives the average mean temperatures, rain-fall, 
date of frosts, and the prevailing winda at the several different localitieft 
named ; 



eated ^_ 
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BASIS. 


^ 




-^1 


*l 


S3 


^i 


H 


i» ■ 




n 


cl 


fl 


^ 


Pi 


k| 




^% 


si 


*l 


„^ 


"^i 


's . 






si. 


Is. 




%ii 


3^ • 

Ik 




1^' 


|iS 


|ii 


6£l 


561 


P= 


Average mean annual txTniwrature 


57.08 


57.76 


58.47 


57.21 


58.48 


61.60 


Aver, maitimutn Wmp. ot the year 


93. 


07. 1 05 




88.90 


04.50 


101.50 


" minimuin •■ " .. 


6. 


6. 1 5 




s.za 


3. 




Range of aaaual tetnperatare 


86. 


01. 


90 




eo.ss 


91.50 




Average mean temp, of spring . . . 
Maximum temp, of spring 


M.3 


5S.64 


58 


93 


66.71 


.W.86 


66!i8 


BO. 


Bl. 


91 




84. 


»0. 


87. 




e. 


13. 


11 




81. 


10 50 


30. 


Gauge of temp, in spring 


S4. 


79. 


80 




G3, 


79.50 


57. 


Average mean temp, of summer.. 


74.03 


75.41 


74 


38 


74.40 


74.27 


75.57 




83. 


87. 


85 




92.00 


94.50 


101.50 




m. 


77. 


06 




4S. 


85. 


68.50 


Bange of temp, in aunimer 


81. 


51. 


29 




44.90 


29-50 


43. 


Average mean teinp. o( autumn.. ., 


55.40 


57.61 




80 


57.54 


58.58 


59.40 


Maximum temp, of autumn 


91. 


94. 


95 




8fl. 


90. 


90. 




18. 


19. 


20 




15. 


21. 


28. 


Bange of temp, in autumn 


78. 


75. 


75 




71. 


69. 


63. 


Average mean temp of winter . . , 
Maximum temp, of winter 


38.66 


SS. 


41 


20 


37.87 


40.97 


44.66 


69. 


78.50 


78 




74. 


68. 




Minimum " ■■ 


6. 


6.50 fl 




3. 35 


3. 




Range of temp, in winter 


68. 


66. 


68 




70.75 


66. 






Inches. 


In. 


Inches. 


Inchee. 


In. 


Inches. 


Average annual rain-fall 


69.25 


43.01 


54.74 


58.48 


W.4T 


49.80 


Rain-fall in Hpring 


13.60 


10.55 


13.03 


13.41 


13.35 


17.40 




18.15 


8.S7 


14.87 


18.32 


14.02 


7,30 


" " autumn 


13.40 


7.S4 


18.30 


11.63 


11.88 


14.54 


" winter 


81.10 


15.95 


11.95 


15.12 


20.27 


6.93 


Date of last frost in spring (average 














of from 8 to 28 years) 1 Apr. 10 






Apr. 17 






First kUling frost in autumn Oct. 18 






Oct. 20 






Number of davs without frost 


166 




... 


178 






Number of days without killing 














fn«t 


181 

8.W.,N.E. 




CalmNW 


180 

9., N.W., 




KW..S.W. 




Prevailing winds in order of fre- ( 


N.. 8 . W.. 




aw„ n; 


K.E,.alm 




N.E„S.E., 


i"«'"=y ( (nM-s, 




B.E.,E.., 
8.W..kE, 


8.E..I1., 

8W.,E.W. 




8..'?3!"' 


The only mineral springa of note in Tenneaae 


e are the JH 


ontvate 


JSpritiffS {calcic chalybeate), delightfully situate.: 


in the Oh 


Ihowee 


Mountains, in Blount County, nine miles from Ma 


ryville, a eta 


tion on 


Knoxville and Charleston Railroad. 
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One pint cdqUIbb. 


Pror. F. B. MItcbeU. 


w r. 

J- R. CWlUin, M.D. 


SOUDS. 


Grains. 
0.300 
1.657 
0.240 

0.564 
1.600 
9.876 

o'cea 

13.604 


Graina. 


Carbonate of lime 




Cliioride of magnesium 

Chloride of calcium 

Sulphate of soda 


0.013 

0.018 
1.103 

a,i34 



























Florida is im extensive pemnauia 450 miles long from north to sonth, 
and with an average breadth, between the Gulf of Mexico on the west and 
the Gulf Stream on the east, of a little leas than 90 miles. 

Of the face of the country it may be truly said the most characterii 
feature is the everglades and the number of lakes. But there is also 
great number of running streams, sluggish though many of them 
and not a few with extensive swampy borders. There are also many 
springs, and some of them of immense size, and strongly impregnated 
with sulphur and lime. 

The surface of the State is generally level, the greatest elevations 
ing not more than from three hundred to five hundred feet above 
level of the Gulf, and these heights being attained in very few places. 
The soil la alluvial and diluvial. In the interior and most elevated por- 
tion, it is composed of clay intermingled with a calcareous formation, 
resting upon coral beds evidently of great age. 

The lands are generally claBsified as high-hammock, low-hammoc^ 
savanna, swamp, and pine. The pine lands are the most eitensive, and. 
some of its forests rival those of the Atlantic slope. The hammocks ala», 
are very extensive, and covered with live oak and other oaks, hickory, 
gum, magnolia, and luxuriant undergrowth. 

The climate is essentially insular and oceanic, in conjunction with 
the forest, under peculiar circumataneea. 

Those who would measure climate at the level of the sea by the me- 
ridian only will wholly fail to form a correct conclusion in regard to the 
climate of Florida. 

Northern Mexico, the peninsula of Oalifornia, the Desert of Sahara, 
Central Arabia, Northern Hindostan, Northern Burmah, Southern 
China, and numerous other regions of less note, and some of them insu- 
lar, in the same latitude as Florida, have climates more or leas similar 
to one another, but all strikingly dissimilar fi'om that of Florida; and 
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for the matiifest reason that none of them are bounded by an immense 
body of warm water on one side, and a swiftly Sowing ocean current on 
the other, and the peninsula between covered by a luinriant forest — a 
combination of conditions for the production, maintenance, and modifi- , 
cation of an ocean and forest atmosphere that exists nowhere else to the 
same degree, and which resulta in a climate peculiarly its own, remarka- 
ble for its salutary influences as a winter resort for invalids with pulmo- 
nary consumption. 

The climate of Florida is well described by the following extract from 
a pamphlet of the " State Bureau of Immigration :" 

" The climate of Florida is not a hot climate in summer, but mild 
and not subject to great changes in temperature. The winters are not 
cold and freezing, but uniformly cool and bracing. Throughout the whole 
twelve months, the rainy, cloudy, di^^agreeable days are an exception ; 
fair, bright, sunny days are the rule. The thermometer seldom goes below 
30° in winter and rarely above 90° in summer. The official records show 
the average of summer, 78"; of winter, 60', The daily constant ocean 
breezes in summer modify the heat (the Gulf-breeze coming, with the 
setting sun, coola the air at night); a warm or sultry night is almost 
anknown. Official sanitary reports, both of scientific bodies and the 
army, show that Florida stands first in health, although in the reports 
are included the transient or recent population, many of whom take 
refuge here as invalids, some in the lowest stages of disease. In the 
greater portion of the State, frost is rarely known. The summer ia 
longer, but the heat lees oppressive than midsummer at the North; this 
resulta from its peculiar peninsular shape and the ever- recurring breezes 
which pass over the State. For days together. New York, Boston, and 
Chicago show in summer temperature as high as 100°; it is very rare 
that it reaches that degree in Florida for a single day, genei-ally ranging 
below 90°; not oppressive, modified by the ever-changing air; not sultry, 
close, or humid '; mornings and evenings always cool and bracing. . . . 

" There are years when in some localities there is a drought, and years 
when portions of the State have had excessive rains, but they do not 
extend far." 

Jacksonville, latitude 30° 15' north; longitude 82° west, according 
to recorded observation thrice daily for twenty years, by Dr. E. S. Bald- 
win, give a mean temperature for — 



January, . 


. 55^ 


July. , . 


. . 8S° 


February, , 


58° 


August, 


83° 


March, . 


. 64° 


September, 


. 78° 


April, . . . 


10' 


October, 


. , 70° 


May, . , 


, . 78° 


November, 


. 63° 


June, , 


80^ 




. . 53" 




' See Cable of HumidUiea. Author. 
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The Spanish records oi St. Augustine show that for 100 years the 
mean temperature of the winter monthB averaged a little over 60% and 
of the summer months 86'. The extremes of the year, taking the pen- 
insula together, show about 35° as the coldest and 05' aa the hottest 
temperature, and neither extreme is reached more than two or three 
times in the year. The summer lasts eeven or eight months, and during 
the whole period there are very few uncomfortably hot days, the sea- 
breezes tempering the air, and the nights are uniformly cool. The rainy 
season usually extends over three or fonr months, but it only consists of 
more frequent showers than through the other months, and sometimes 
heavy and drenching rains, but seldom of more than four hours' duration. 
Occasionally there are long droughts in some sections, and heavy rains 
in others. The preceding table, made up from the army and Signal 
Service records and other reliable data, gives the data for the points 
named in addition to other data in the previous chapter. 

The climate of Southern Georgia, Alabama, Mississippi, Louisiana, 
and Southern Tesas, is for about two-thirds of the year hot; and along 
the coast and river valleys unhealthy. Endemic malarial fevers here 
prevail more or less, annually, and sometimes with great severity. And 
at snch sea ports of the Southern Atlantic and Gulf coast as have been 
or are now kept in a state of receptivity — by the accumulation of filth — 
yellow fever is, as it has always been, wont to make ports of entry. 

The climate of Southern Texas, as described by Assistant Surgeon P. 
F, Harvey, U. S. Army,' is, "in the aggreate subtropical, but torrid 
heats prevail during the summer mouths. 

" During the hotter periods of the year, the mercury indicates a tem- 
perature over 100' in tJie shade for weeks at a time occasionally. At 
snch times, hot dry winds, comparable to the simoons of Arabia, blow 
from the parched plateaus of Mexico, wilting the vegetation and com- 
pelling the closure of doors and windows to exclude the dust and heat. 
The prevailing winds for all seasons are from the southeast. Sudden 
storms of wind from the north, with or without rain, attended with 
rapid lowering of the temperature, called wet or dry northers, are fre- 
quent in winter. The atmosphere is generally dry; beef used by the 
Mexicans is prepared and preserved by drying it in the open air, desic- 
cation taking place rapidly and thoroughly. . . . 

"Diarrhcea and dysentery maybe regarded as the prevailing diseases. 
. , . Rheumatism and neuralgia prevail to a considerable extent. 

" Diseases of the lungs and air-passages were of infrequent occurrence 
and mild grade. Catarrhal affections were most prevalent during the 
winter months and were due to climatic influences. Malarial fevers 



' Ringold Barracks, on the Rio Grande ; latitude, SS° 28' north ; longitude. 

It : nltitude, 521 feet. Ojp. clt, p. 239. 






were rare among the troops (colored), their immunity being largely dne, 
no douht, to the well-known idioByncrasies of the negro race, as dlBeasevi 
of this clasB were much more frequent when white troopa formed tbei. 
garrison." 

Of 19,130 casea of disease of all kinds recorded at sixteen militarT" 
posts in Tesaa during four years, 1870-1874, 77, or 1 in 348.2, were for 
consumption. The most prevalent diaeaees were malarial fevers and 
diarrhceal diseases. The largest proportion occurred at Fort Clark, 
Kinny County, latitude 39" 17' north; longitude 23° 18' south; approi 
mate elevation above the level of the sea, 1,000 feet; where, out of l,50j 
cases, 846 white and 061 colored, there were of consumption 14 cases, 
white and 8 colored. The site of this post ia a rocky ridge of limestone' 
embraced in a curve of Las Mora.B Creek, which iaanes from the 
Moras Spring — a sort of pond about one-eighth of an acre in aret 
yards north of the post. The prevailing winds are east- sou the ast. Whead 
the wind varies in force and direction, it is always the premonition of 
"norther," which occurs about once every ten days during the winter 
season, i. e., from the beginning of November to the end of March. 
During these northers, the wind usually blows with great violence from 
the northwest, north, and northeast, but most severely from the north- 
west, during which it ia impossible to travel over the plains; in summer 
they are less frequent and not ao violent. 

Of 1.3,370 cases of disease of all kinds recorded in the military postA 
of Georgia, Alabama, Mississippi, and Louisiana during four years,. 
1870-1874, 51, or 1 in 260 were for consumption. The moat prevalent 
diseases in these posts for the period were intermittent fever and 
diarrhoeal diseases. 

Several mineral springs are said to exist in Florida : At Oreen-Con§, 
Clay County, accessible by steamboat on St. Johns River, from Jackson*-- 
ville, contains sulphates of magnesia and lime, chlorides of sodium and 
iron; Orange Spring, Marion County, near Oeklawaha River; Senvanc9'\ 
Springs, Hamilton County, on Savannah, Florida, and Western Railroad, 
the water has strong sulphurous odor, which soon passes off when the water 
ia collected, and then it is palatable; Tarpon Spring, Hillsboro Connty, 
sixty miles from Cedar Keys, said to contain sulphur, soda, lime, and 
salt; and there are several others, hut none of them have been analyzed. 

Blarlon Springs, Choctaw County, Alabama, Bladon landing, on the 
Tombigbee River, by steamboat from Mobile, situated in a salubrious 
pine-foreat region, are alkaline and sulphur. 
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One plut coDUlnB. 


J. L. A 
W, P. RiJdoII. 


Branch SprlOB 


R^^I-^V 


res 

W.P.BlddoU. 


Solids. 

Carbonate of soda 

C&rbonate of magnesia 


Qrai ns. 

5.791 
0.086 
0.M3 
0.109 

b'.wz 

trace 

o.m 

6.563 
Cubic in. 

8.18 
trace 

0.38 


rains. 

5.1.^1 
0.070 
0.029 
0.387 

61 349 
6:287 

e.113 

Cubic in. 
7.40 
traoo 

0.28 


Grains. 

4.111 
0.170 

61944 
0.963 
0.003 
0.080 

6.263 
0.091 
0.075 

6.646 
6.098 
Cubic in. 
4.07 
miued 


Grains. 
4.867 

o.oei 










Sulphateof lime 


6.370 


SilicA and alumina 


trace 


Hypocrenic acid 

Or^anJo tiULtt«r 


6! 156 


Total 




Gases. 
Carbonicacid 


Cubic in. 

6.81 
0.07 







Blount Springs, Blount County, Alabama, 1,580 feet above the level 
of the sea, acceasible by railroad from Montgomery to Decatur, about 
85 miles northwest from Montgomery: 



Ona plat conUini. 


Red Sulphur. 
Prol. K. Brumby, y 


BwMl Sulphur. 
FraC. R Brumby. 


Solids. 
Carbonate of magnesia 


Grains. 
0.55 
0.34 
0.85 
4.04 
0.75 
0.20 

6.68 

Cubic inches. 
0.7S 
1.87 


Oraina. 
0.46 


Carbonate or tiroe 


0.56 














Gasbb. 


Cubic inches. 


Sulphuretted hydrogen 


1.57 



Valhemosa Springs, Morgan Ooanty, Alabama, by steamboat on 
Tennessee River, aiid to be sulphur and chalybeate, No analysis. 

Cooper's Well, Hincj County, and Ocean Springs, Jackson County, 
Mississippi, on New Orleans, Mobile, and Texaa Railroad, are both held 
in high esteem by those who are beat acquainted with them. The first, 
as c/iali/bea/e, with mild purgative qualities, said to resemble the waters 
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of Booklet Springs, near Kissingen, Bavaria. One pint contains (50* 
F., Prof. J. Lawrence Smith): 



SOUDS. 

Chloride of sodium, 
Chloride of magnesium 
Chloride of calcium, 
Sulphate of potassa, 
Sulphate of soda. 
Sulphate of magnesia, 
Sulphate of lime, 
Sulphate of alumina, 
Peroxide of iron, 
Crenate of lime, 
Silica, 



I • 



Total, 



Gases. 
Carbonic acid, . 
Oxygen, 
Nitrogen, 



Ocean Springs: One pint contains (J. L 

SOUDS. 

Chloride of potassium, 

Chloride of sodium. 

Chloride of magnesium, . . 

Chloride of calcium. 

Protoxide of iron, 

Iodine, • . . • • 

Alumina, . ^ . 

Organic matter, . • • • 



Grains. 
1.045 
0.485 
0.540 
0.076 
1.468 
2.910 
6.265 
0.765 
0.420 
0.089 
0.225 

18.188 



Cubic in. 
4.0 
1.5 
4.5 



Smith): 



Grains, 
trace. 
5.971 
0.621 
0.485 
0.589 
trace, 
trace, 
trace. 



7.666 
Cubic in. 
1.22 
0.16 



Total, 

Gases. 
Carbonic acid, .... 
Sulphuretted hydrogen. 

In Louisiana, it is said that within a radins of thirty miles from 
Mansfield are seyeral valuable sulphur and chalybeate springs. De Soto 
Springs^ at Mansfield, forty miles by stage from Shreveport^ on the Bed 
Eiver, and White Sulphur Springs, twenty-five miles by stage from 
Alexandria, on the Red Biver, are described as excellent sulphur waters, 
with saline ingredients, useful in biliary engorgements. No analysis. 
These springs are well situated in the upland pine-wood region. 

Fairview Springs, near Kassee, Limestone County^ Texas^ have 
recently been brought to notice. One pint contains (Prof. C. F. 
Chandler) : 

Solids. Grains. 

Chloride of sodium, 0.220 

Sulphate of soda, 0.700 
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Sulphate of raagneaia, ..... 1.328 

Sulphate ol lime, ....... 0.168 

Alumina and its sulphate. ..... 0.675 

Phosphate oF iron, ....... 0.257 

Total. ........ 3.249 

Piedmont Springs, in Grimes County, and While Sulphur Springs, 
in Cass County, Texjia, have been reported, but without analysis. 

Eioept the mountainous region of Alabama, there are no elevations 
in the soathem portion of the Quit States more than a thousand feet 
above the Gulf; and except the salutary influence of the forests, there 
are no natural conditions which exercise any influence over the climate 
beyond the ordinary effects of latitude. 

In the piny uplands, however, and particularly in the northern part 
of Alabama, through which the Blue Bidge Mountains extend, though 
not to a very great height, and away from the low, dark bottom lands 
of the coasts and water courses, the climate of this region is generally 
healthy. 

Arkansas &as great variations of surface. In the western and north- 
western portion of the State there areextensive elevated prairies, broken 
by the passage across them of the Ozark Mountains in a northwesterly 
direction, from Little Rock to Southwestern Missouri, and, south of the 
Arkansas River, of the Massern range. The hills of Ozark range rise 
to a general elevation of 1,500 to 2,000 feet, with summits of 3,000. 
And besides these, two ranges called the Black Uills and Wachita Hills 
in the west, varying from a few hundred to a thousand feet in height, 
with intervening valleys across the rich prairies and luxuriant forests, 
give the State a diversity of scenery remarkably beautiful, and a cli- 
mate, on the whole, of exceptional salubrity. An eastern portion, from 
twenty to one hundred miles west of the Mississipi, is an exception. 
This is generally low, contains numerous small lakes and swampy 
bayous, and is unhealthy. 

Indian Territory is, for the most part, low, swampy, and nnhealthy. 
The northwest corner, through which the Wachita range of mountains 
extends about fifty miles, is somewhat exceptional, and relatively salu- 
brious, approaching the far more salubrious climate in general of northern 
Texas. 

The surface of Missouri, in its southern portion, jpartakes some- 
what of the character of the adjacent region of Arkansas. Excepting 
this, there are no elevations above a thousand feet. The surface is gen- 
erally rolling and level prairie, with occasional forests. The southeastern 
portion, which is subject to frequent overflow by the Mississippi and its 
tributaries, is low and swampy, and insalubrious. Otherwise, there are 
no special surface characteristics that exercise any influence over the 
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climate beyond what may be learned by rererence to the charts aud J 
tabulated data on other pages. 1 

Tesas highlands are among the most salnbriouB regions in the coun- ] 
try. In the vicinity ot Fort McKavett, situated on tlie right bank of 1 
the San Saba River, about two miles from its source, latitude 30'' 50' J 
north; longitude 33° 17' west; altitude 2,000 feet : Assistant Surgeooa ] 
li. Sliarpe iind S. M. Horton, U. S. Army, report:' ] 

"The drj-ness of the atmosphere, thodelightful breezes of the mom- J 
ing and evening throughout the latter piirt of the spring, the entire J 
summer and fall, the middle portion of the days during a great part of I 
this time being excessively warm, and the sunlight excessively bright, I 
which, with the dry winds -blowing incessantly, tries the eyes to the 1 
utmost when out of doors; the pure, fresh drinking water from a nost J 
excellent spring, bubbling up at the foot or base of the bluff, just west ^ 
of the post, through limestone rock of indefinite thickness, and in con- 
sideration of the very favorable reports of former years as to the small 
amount of sickness occurring in this vicinity: these have all combined 
to give this post and locality the name of being exceedingly healthy." 

From Fort Stockton, on the line of the great Comanche trail, lati- I 
tude 35° 50'; longitude 35° 35'; altitude 4,850 above sea-lcvet. Assistant | 
Surgeons P. J. A. Cleary and E. Alexander, XJ. S. Army, report:' 

" The beneficial effects on the atmosphere and climate on pulmonary | 
affections, and particularly on phthisis pulmonalis, cannot be too highly I 
extolled. The atmosphere is warm, dry. and pure. Many people come | 
to the State to have their 'consumption' cured, but generally arrive | 
when the disease is too far advanced, and, moreover, do not come far J 
enough west." 

The climate of Kansas, at an altitude of 3,330 feet above the level of J 
the sea, latitude 38" 55' north; longitude 23° 47' west, as reported by \ 
Assistant Surgeons M. M. Shearer and F. H. Atkins, XJ. S. Array:' 

"It is of great salubrity and dryness. Snow falls rarely, and in I 
small quantity, seldom lying more than a day or two. High winds are * 
common, and frequent gales of alarming force often blow for many 
hours. During the warm months, the direction of the winds is from the 
south and east, and this is reserved during cold weather. Malarial 
diseases do not originate here; all cases having their origin elsewhere. 
No scurvy, pneumonia, pleuritis, or phthisis had occurred during I87S-1 
or 1873, and but six cases of dysentery were treated in that time. 
Influenza haB«lso been very rare." 

Climax Spn'ttgs, Climax, Camden County, Missouri, on Missouri I 
Pacific Railroad, have recently attracted a good deal of attention on-^ 

'Op. cit., pp. 217, 340. 
'Opcit., p. S40. 
' Fori Wallace. Op, 
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account o( the extraordinary proportion of the iodides and bromidm 
contained in the water. 

One pint contains (H. W. Wiley) 

Solids, Grains. 

Carbonate of lime, ...... 0.831 

Chloriile of sodium, ...... 4.451 

Sulphate of lime, ...... 0.707 

Iodide and bromide of potassium, . . . , 0.319 

Iodide and bromide of magiieBiurn, .... 1.250 

Oxide of iron, alumina, and silica, .... 1. 000 

Organic and undetermiDed, ..... 0.434 

Total, ....... 8.803 

Carbonic acid, 3.45 cubic incbea. 

This spring ia in a cave in the Ozark Mountains, abont 1,000 feet 
above the level of the aea, and consists of a basin abont twelve feet in 
diameter, without any known ontflow. Further explorations and re- 
peated analyses are necessary to determine its character. 

Monlemna Springs, Jefferson County, twenty miles south of St. 
Lonis, on the Iron Mountain Railroad, are saline sulphur waters, re- 
sembling the Blue Lick Springs. 

One pint contains (60' F. Profs. Potter and Eiggs): 

S0LU>s. GraioB. 

Carbonate of ma^esia, ...... 1.7SR 

Carbonate of lime, . . . . . 8 931 

Chloride of potassium, ,..,,. 2.0411 

Chloride of soilium, ...... 45.838 

Chloride of magnesium. ...... 4.488 

Sulphide of BOtlium, ...... 0.042 

Hyposulphite of soda. ...... 0,093 

Sulphate of lime. ...... 4.040 

Phosphate of lime. ...... trace 

Iodide of magaeaium, ..... 0.106 

Bromide of magneBiom, ..... tmce 

Iron and alumina, ...... 108 

Silica, ........ 0M3 

Total. ........ 87.317 

Gases. Cubic inches. 

Carbonic acid, . . . . . . . 5 80 

Sulphuretted hydrogen, . . . . 0.17 

Siceel Springs. Saline County, Mo., one mile from Brownsville, on 
Sedalia and Lexington Branch of the Missouri Pacific Railway, are 
also saline-sulphur. 
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One pint oontaiDS 



Solids. 

Carbonate of iron 

Carbonate of magnesia .. .. 

Carbonate of lime 

Chloride of potasBium 

Chloride of sodium 

Chloride of magnesium 

Chloride of calcium 

Chloride of lithium 

Sulphide of sodium 

Sulphate of calcium 

Sulphate of baryta 

Phosphate of calcium 

Bromide of magnesium 

Nitrate of magnesium 

Nitrate of ammonium 

Alumina 

Silica 

Organic matter 

Total 



Sweet spring. 
C. P. WUlliams. 



Grains. 

0.070 
trace 
1.102 
0.424 
11.208 
2.786 
1.840 
0.006 

• • • • 

1.182 



0.014 



0.011 
0.185 
0.506 



Arkeeian Spring. 
C. P. WillUuns. 



19.460 



Grains. 

0.033 
0.025 
6.081 
8.670 
94.614 
10.914 
9.349 
0.036 
0.326 
7.242 
0.019 
0.030 
0.016 
0.022 
0.021 
021 
0.064 
0.880 



181.613 



St Louis Artesian Well is a good saline water. One pint containa 
(73** P. Dr. Litton): 

SOLTOS. Grains. 

Carbonate of magnesia, ••••.. 0.127 

Carbonate of protoxide of iron, .... 0.066 

Carbonate of lime, ...... 1.829 

Chloride of potassium, ..... 1.126 

Chloride of sodium, ...... 48.826 

Chloride of magnesium, . • • • • 4.792 

Chloride of calcium, . . • . , . 8.448 

Sulphate of lime, .••••• 6.709 

Silica, 0.017 

Total, 60.440 

Gases. Cubic inches. 

Carbonic acid, • • . • . . 0.82 

Sulphuretted hydrogen, ..... 0.08 

In Arkansas, the Hot Springs, in Gkirland County, Hot Springs Sta- 
tion, on St.^ Louis, Iron Mountain and Southern Bailroad, are of world- 
wide repute. One pint contains (93^-150° P. ) : 

Solids. Grains. 

Carbonate of magnesia, ...... 0.016 

Carbonate of h'me, . . . . . . 0.496 

Chloride of sodium, ...... 0.001 

Sulphate of potassa, ...... 0.021^ 
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Sulphate of Boda. ...... 0.047 

Sulphate of lime. ...... o.ou 

Seaquioxide ol iron, ...... 0.013 

Iodine, ' fl ' ' ' ' ■ trace 

Bromine, ....,.., trace 

Silicate of lime. ...... 0.058 

Silioa, 0.233 • 

Alumina, ....... O.OTiR 

Organic matter, ....... 0.0)<8 

Water 0.018 

Total 1.089 

These Bprings aro very extensive, fifty-Beven in number, situated ia 
a valley on the wesiem slope of tlif Hot Springs Mountain, a spur from 
the Ozark Mountains, thirteen hundred and sixty feet above the level of 
the sea. The baths are very elaborately appointed, and they are deserv- 
edly esteemed in the treatment of chronic rheumatism and gouty dis- 
eases, and tertiary syphilis. 

Ravenden Springs, Randolph County, twenty-eight miles by stag? 
from O'Kenn, a station on St. Louis, Iron Mountain and Southern Rail- 
road, are valuable alkaUne waters, containing so large a proport.iou of 
carbonic acid as to render them exceptionally palatable. One pint con- 
tains (Wright and Morrell): 



SouDs. 
Carbonate of magnesia, . 
Carbonate of lime. 
Carbonate of lithia. 
Chloride of sodium, . 
Cliloride of magnesium. 
Chloride of lime, 
Sulphate of lime. 
Sulphate of alumina. 
Silica 

Iodine and iron. 
Organic matter, . 



Total, 

Oasbs. 
Carbonic acid 
Atmospheric all 



Oram 



0.373 
0.37a 
0.15.5 



0.2S5 
0.108 



3.724 

Cubic inches. 

S.S8 



Eureka Springs, in Carroll County, have also attracted some atten- 
tion. A published analysis shows that the water contains only 0.483 
grains of alkaline substances to the pint, and leads to the inference 
that it is similar to that of Summit Spring, in Maine, chiefly valual 
if of any value at all, for its negative qualities only. 
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CHAPTER XVII. 

climato logical topography aj^'d minekal 

spritn'gs of the western highlands. 

The arid and sandy surface of the western slope of the Rocky 
Mountains, with its climatological asBOciates of variable temperature 
and exceeding drynesa of the atmosphere, begins at the 100th meridian, 
about two thousand feet elevation above the level of the sea, and fol- 
lows the general trend of the mountaiua northwesterly to the 113th 
meridian, from the southern to the northern boundary of the United 
States. 

Sandy and saline tracta of various dimensions are interspersed over 
all this region, yet with the exception, perhaps, of one in Utah, nona ^_ 
of them are of an extreme desert or basin character. ^H 

Of the physical geography of the Rocky Mountains, Blodget re-^H 
marks' that: ^B 

"The most important point in the vertical configuration of the re- 
gion is its plateau character, or the great altitude of the base-line from 
which the mountains rise and the valleys fall. In this sense, the aver- 
age of the whole continent west of 103° of longitude might be taken as 
on a base of five thousand feet above the sea, excepting only the imme, 
diate coast of the Pacific and the deeper valleys of California. A better 
division would be to take the Rocky Mountain plateau nt six thousand 
feet, and that of the great basin at four thousand; still throwing out 
some exceptional districts at the extreme points north and south. The 
Rocky Mountain plateau is best defined at the vicinity of the South _Z_ 
Pass, yet it extends from Fort Owen to El Paso, with an average bread& I 
of five degrees of longitude at least; more correctly, perhaps, an aver- 
age of two hundred and fifty miles. In latitude it is nearly one thou- 
sand miles in extent, giving an area of two hundred and fifty thousand 
square miles for this lofty plateau. The short mountains interrupt 
these irregularly, rather than regularly, and the characteristic formatioa 
is one of single peaks rather than chains of mountains, and few of tbeaa I 
peaks reach up to snow-line. 

" The highest plateau maybe distinctly recognized both north and 
eonth of the Wind River Mountains in latitude 44° and 45°, forming 



' Op. cit., p. 
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there a sage-plain desert at tlie sources of tbe JeSerson's and Madi^t 
Forks of the Missouri; and at the sources of Snake Hirer, north of Fort 
Hill, a similar desert plain occurs, at least equally elevated. Passing 
some rough country north of these, another great plain, extending 
from Larime to Grand River, is described by Fremont, Stansbury, and 
others. The valiey of Sitn Luia, tu iTorthern New Mexico, is another 
nearly desert area, notwithstanding its great altitude of nearly eight 
thousand feet. 

" The parks, though more fertile, belong to the same category of lofty 
plains, and southward along the Rio Grande, the chain of these divides, 
and they pass at each side, retaining the same characteristics to Fort 
Webster and the Gila at the west, and nearly to the Rio Grande to EI 
Paso on the east. Whatever doubt there may be in assigning a place in. 
the Rocky Mountain system to the monntaias of New Mexico west of 
the Rio Grande, either as a principal chain or as a bifurcition, there 
can be no doubt of this connection of plateaus. Both branches fall off 
in altitude to three or four thousand feet at the terminal points named, 
though that of the Sierra Madre on the west extends some distance to- 
ward the Colorado River, forming the Grand Cafion, in regard to whiob 
little is positively knowu beyond this general fact. 

" At the highest point of this district only, or at the mountains in the 
vicinity of the Parka, described by Fremont, in 39° north latitude, and 
at the Wind River Mountains, in latitude 43% the peculiarities, better 
described as ' Alpine,' are developed — the snow and ice remaining late, 
with the verdure and freshness belonging to high mountains in Europe 
in summer." 

Fremont's graphic description of the region of the Great Parks, forty 
years ago,' gives a better idea of its general features than any which has 
ever been given since, as follows: 
• " The valley narrowed as wa ascended, and presently degenerated 
into a gorge, through which the river passed as through a gate. We 
entered, and found ourselves in the New Park — a beautiful circular val- 
ley of thirty miles diameter, walled in all round with snowy mountains 
{June 14th), rich with water and with grass, and fringad with pine on 
the mountain sides below the suow line. Latitude 40' 52' 44"; elevation 
by the boiling point, 7,720 feet. 

" It is from this elevated cove, and from its gorges of the surround- 
ing mountains and some lakes within their bosoms, that the great Platte 
River collects its first waters. 

" June l7th, we fell into a broad and excellent (rail made by buffalo, 
where a wagon would pass with ease, and, in the course of the morning, 
crossed the summit of the Rocky Mountains, through a pass which wag 
one of the most beautiful we bad ever seen. The trail led among 

' " Senate Reports of Explorations in 1843, "43 and "44," p. 383. 
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aspens, through open ground richly covered with graas, and carried 
over an elevation of about 9,000 feet above the level of the sea. 

" The Old Park is more or lesa broken into hills, and surrounded by 
the high mountains, timbered on the lower parts with quaking asp and 
pines. On the 20th June, a piny side of mountains, with bare rocky 
peaks, was on our right all day, \nd a snowy mountain appeared ahead. 
At the camp, by the teraperatare of boiling water, our elevation waahere 
10,430 feet; and still the pine forest continued, and our grass was good. 
On the 2l3t, in a ride of about three- quarters of an hour, and having 
ascended perhaps 800 feet, we reached the summit of the dividing ridge, 
which would thus leave an estimated height of 11,300 feet. Immediately 
below Qs was a green valley, through which ran a stream, aud a short 
distance opposite rose snowy mountains, whose summits were formed in 
psaka of naked rock." This was South Park, on tlie sources of Arkansas 
River. 

" Very much the greater portion of the Eocky Mountain district,' 
says Blodget,' "is one of plateaus in its surface character, and in its 
consequences in every respect, sandy, and treeless, and saline, in alter- 
nating tracts, interspersed, of course, with others essentially different 
and with rich valleys. Thus tiie valley of the Eio del Norte, which ia 
the first in succession from the south, is in parts rich, and in others, 
desert or baslu-like, as the Bolson de Mapimi, and the basin of 
Guzman, both on the south aud in Mexico; the lomado del Muerto oC 
the Rio Grande Valley, in New Mexico, and the sand desert of the Peco, 
River; the sand hills and sandy plain of San Luis, in the extreme north 
of New Mesiiio, at an altitude of 8,000 feet; the dry Larime plain at 
5,000 feet; the high desert plain, north of Fort Hall, at 5,000 to 6,000 
feet; and the Sage desert, on the east of the central range of the Bocky^ 
Mountains at tho sources of the Missouri, Jefferson's Fork, etc. All 
these points are no less characteristic of the surface and con figuration .of 
tho Rocky Mountain district than the peaks and Alpine features of the 
district of the Parks, and of the Wind River Mountains themselves. 
West of this district lies a great homogeneous area of basins, merging at 
the south into tlie basins of Mexico, enumerated above. Though drained 
by three large rivers, or traversed by them rather, since they get most 
of the waters beyond it and very little in it — the Columbia, Colorado, 
and Gila — it is essentially an undrained region, or one sending no water 
to the sea. Nearly all its surface is studded with minor basins, the 
principal one of which is Great Salt Lake. Next is that of Qumbolt 
River, aud north and south of these an immense area possesses charac- 
teristics of great uniformity, the chief of which are an arid climate 
and a barren surface. Sandy and saline tracts, salt lakes and marshes; 
mesas, or high and abrupt plateaus of small extent, without wood and 



1 

I 

1 




1 Op. cit 




TOPOOBAPHT, BTO,, of the WESTEHH HIOHLANDfl. !!(>» « 

deficient in al! forma of vegetation; unaltered volcanic districts and 
rough, abrupt mountaina make up most of the American basin region. i 

" The central portion in latitude is near the 40th parallel, and at an j 
average ot 4.500 feet above tlio sea the northern extremity declines at 1 
the 48th parallel to 700 or 800 feet in the lower part of the great plaJM 
of the Columbia River, which form a climato logical basin. At the south, 
the altitude falls off to sea level without changing its climatological 
character as a basin, and this decreaao of altitude passes through several 
minor basins; in fact, that of the Mojahve Eiver, being one of the prin- 
cipal now known, and not much above the level of the Colorado River, 
while still another tract, west oE the Colorado and further south, is at 
or below sea level. 

"The area occupied by this basin region ismuch greater than that of 
the great mountain plateaus; and if the bordering mountains on the west 
are included, embracing all the country at once elevated and arid west 
of the greater altitudes before described, the area can scarcely bo less 
than five hundred thousand square miles, of which the average altitude 
is 3.500 to 4,000 feet. The sum of this and the first district — 
seven hundred and fifty thousand square miles — expresses very forcibly 
the immensity of this feature of configuration; and it is more essential to 
bear it in mind in the consideration of climates than all that relates to 
single mountain ranges. And climates with great extremes of tempen^ 
ture, and with the most complete interruption of symmetry in their 
changes, and the predominance of the local character in every respect, 
necessarily follow from this configuration." 

Bearing in mind the general effects of latitude and altitude, taken in 
connection with other meteorological records of the Signal Service given ' 
on previous pages, and the foregoing sketch of the surface characteristics 
of this region, it would be difficult to reconcile practical conclusiona 
with such descriptions of the climate of the Western Highlands as are 
frequent in curreut literature, based upon transient observation and in- 
flufficient knowledge of the physical effects, 

" From an experience of fourteen months, and upon natural grounds," 
observes Surgeon A. K. Smith, U. S. Army,' "I cannot coincide in the 
popular belief that Santa Fe (altitude, 6,850 feet above the sea; latitude, 
35° 41' north; longitude, 28° 29' west), and the contiguous localities of 
equal or superior altitude are well adapted as a residence for persona 
Buffering with pulmonary tuberculosis, heart disease, or any cause pro- 
ducing obstruction to free and ample respiration. The universal testi- 
mony is, BO far as I can ascertain, that a stranger to the rarefied atmo- 
sphere, however sound hla circulatory and pulraonarj- organs may be, 
ia almost invariably affected by a great oppression in respiration upon 
his advent into this elevated country, accompanied naturally by an nn- 
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wonted lasaitude and indisposition for exertion. There have been, in th( 
c^e of two or three of my aoqunintances, ugly symptoms of a partial 
paraivBis of the organs of locomotion and speech. A continued resi- 
dence, however, is said to overcome these unpleasant effects in persona. 
of sound and robust health; and from the number of Americans and 
Germans residing in the higher regions of Kew Mexico, who transact 
their business at no small expenditure of physical exertion, I believe this 
to he the case, and that in time an accommodation obtains between the 
lungs and the somewhat diminished quantity of oxygen. 

" Ah regards the invalid whose breathing apparatus is crippled by 
tubercular deposit, by chronic pneumonia, or whose blood, whatever may 
be the cause, requires full aeration, I deem it worse than useless for him 
to endeavor to regain health or even comfort in such localities. I regard 
my lungs (and my chest measurement is forty-four inches) as perfectly 
sound, and yet after reporting for duty in Santa F6 I could not, as 
general nile, breathe comfortably, although at times, when a damp 
atmosphere prevailed, I could not notice any impediment to respiration. 
The past summer (1874) was exceptionally warm, and I was at interrala 
asthmatic to a terrible degree, crushed actually by a feeling of impending- 
dissolution. The common advice to me was 'wear it out; you will be 
all right next year.' No sooner, however, had I started East than my 
troubles, aa I descended in altitude, lessened proportionally." 

From Fort Union, with an altitude of 6,700 feet, 100 miles distant, 
from Santa F6, situated in a narrow valley on the eastern slope of tha^- 
Rocky Mountains, Assistant Snrgeon, W. H. Gardner, U. S. Army, re- 
ports :' 

" Wind from some quarter is almost constant, and the soil being-, 
light and sandy, is blown about in clouds of blinding, suffocating dust 
that irritates the air-passages, and is the prevalent cause of catarrhs, 
pharyngitis, and broncliitis. 

" The diurnal variation in temperature is very groat, thethermomel 
frequently showing at 6 a.m. but 60°, and at 2 p.m. showing 90' 
in midsummer nights one or more blankets are always comfortable 
sleep under. Now from the foregoing causes, namely: the high eleva- 
tion, the constant winds, the suffocating dust storm, and the great di- 
urnal variations in temperature, I do not believe this post can be favor- 
able for any kind of lung disease; and though my medical experieuca 
here is limited, I believe it will point to the same conclusion. 

"Shortly after arriving at the post, I was attacked witliafulness of the 
head, ringing in the ears, mental hebetude and confusion of ideas, dizzi- 
ness and headache. Thinking these symptoms might be caused by con- 
stipation, dyspepsia, or torpidity of the liver, I took a mercurial purg»> 
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tire, aod followed it up with a dose of Rochelle salts, vMcli relieved tha 
fulness of oppressioa for a day or two, but it at once returned ; the 
dizzinees and cotifusioQ of ideas incrensed, and a feeling of numbness 
aud tingling commenced in the fingers of the left liund, und gradually 
spread until it involved the whole left side, even the muscles of tha 
tongue being involved in the paralysis, bo that I could not articulate. 
There was also oppression of the breathing, throbbing of the carotids, 
and slight dilatation of the pupils. The only medicine handy at the time 
of the first attack was a bottle of chloroform; and thinking the symp- 
toma might be due to spasms of the cerebral or pulmonary veins, I 
poured a drachm or two on my handkerchief and inhaled it, when the 
disagreeable symptoms promptly subsided. The next day, on my visit to 
Dr. Moffatt, of our corps, I told him of my troubles, and he thought 
they were due to malarial poisoning, and advised me to commence a 
course of quinia and arsenic, which I at once did, taking twelve grains 
of qninia and one-tenth of a gniin of arecnic each day. But in the 
course of five or six days, while under the full influence of these medi- 
cines, I had another attack in all respects similar to the first, coming on 
after a hearty dinner, which was relieved by a prompt emetic. Shortly 
after this second attack, I was sent for to attend a cose of midwifery at 
Mora (a little town in the mountains, fifteen miles northwest of the 
post, and about four hundred feet higher in altitude), and while there 
alone I had another attack more severe and prolonged than the other 
two; and upon this occasion I certainly thought there would be another 
vacancy in the Medical Corps to fill, for I took emetics, bromide of 
potassium, and chloroform ad nauseam without the least effect-s. The 
symptoms went off before morning, but when I got back to the post 
I brought the Darwinian theory to bear on the case. Jla : If the environ- 
ment of an animal be suddenly changed, and the animal does not change 
its habits to suit its environment it will be speedily eliminated. The 
only radical change in environment I could detect here was decreased 
atmospheric jireasure from increased altitude, and consequently deficient 
oxygenation of the blood. Tlie indication, therefore, was either to 
supply the deficiency of oxygen to the blood, or to reduce the volume of 
blood to the decreased amount of oxygen. The alternative seemed to be 
the easiest and the most certain. I, therefore, decreased the amount of 
my nitrogenous food, and made up the quantity by laxative vegetables 
and fruits, and have been in good health ever since. I have seen two 
cases since, in every respect similar to mine, and they have promptly 
succumbed to the treatment indicated ; that is, decreasing the amount of 
blood to the decreased amount of oxygen, by cathartics and decreased 
animal food." 

From Fort Selden, situated in a sandy basin one and a half miles from 
the Rio Grande^ in southern New Mexico; latitude, 32° 35' north; Ion- 
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gitude, 30° west; height above the eea about 4,250 feet. Asaiatant 
Surgeon Samuel S. Jeasup, U. S. Army, reports:' 

" Lung troubles are comparatively rare, aaare all diaeaaes of the 
ratory organs, excepting catarrh, which I prefer to cousider separately from 
broncliitia, aa it mostly affecta the mucous membranes of the nose, ton- 
sils, and larynx, and, I think, seldom extends even to the trachea. It 
seema to be produced by the almoat constant drifting of the irritatiug 
Just peculiar to this region, and few new-comera who are much exposed 
in the open air escape it. It gradually wears off as they become accli- 
mated. Women, from their indoor habits, are usually free from it. 
The native New Meiicaus are not at all affected by it. Many of them, 
however, suffer from a form of bronchitis induced, it ia thought, by 
their peculiar fashion of smoking the cigarette, i. «., by inhaling the 
smoke into their bronchial tubes, and exhaling it through their noa- 
trils. 

" The climate of this part of the Bio Grande will improve, and prol>> 
ably tend to the cure of many patients affected with commencing 
phthisis, but only by a residence here, not by a sojourn of a few months. 
I think I am within the mark in stating that it will take from eighteen 
months to two years to acclimate them. To those in advanced stagea 
no such benefit can accrue." 

From Fort Wingate, situated in latitude 35° 30' north; 31° 23' west; 
altitude, 6,823 feet, 208 miles distant from Santa Fe via Albuqnerque, 
Assiatant Surgeons II. 8. Vickery and J. V. De Kaune, U. S. Army, 
report :' 

" The climate dry and equable; breezy and pleasant in the hotteat 
weather. There are no very high winds except in March. Average dif- 
ference between the wet and dry bulb thermometer in summer, 10,59°; 
in winter 4.43°. In March and April there are occaaional high dry 
winds from southwest and west, bringing much duet with them and 
going down generally at sunset. The nighta are nearly always calm. 

Fort Bayard, situated in almost the extreme aouthweatern corner of 
New Mexico ; latitude, 30" 40' north; longitude, 31° 25' west; altitude, 
6,033 feet. Distance about eighty miles from Janos, the nearest settle- 
ment to the Mexican frontier. Of this region. Assistant Surgeon Wil- 
liam J. Wilson, U. S. Army, reports : • 

" On the north, northwest, and east, the post is surrounded by high 
mountains open on the south and southeast. Pine, cedar, and oak aT9:_^ 
found in large quantities on the surrounding hills. The climate ia dt 
lightful, but there is very little rain, except during the rainy 
which lasts from about the end of June until the middle of 



I Op. cit, p. 208. 
' Op. cit., p. 311. 
•Op. cit., p. 246. 
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y/h^u more or lesa teid falls nearly every day, Bometimea in torrents. 
Tlie winds are generally from the west, northwest and south, and 
seldom Bevere, Changes in temperature are very gradual. Oo ao- 
<ount of the altitude of the post and the dryness of the atmosphere, the 
heat of eummer is never oppressive, while the nights are always de- 
liciously cool. The winter season is very mild, one or two light falls 
of snow occurring generally in February and lasting but one or two days. 

" In bronchitis, either acute or chronic, this climate is unfavorable for 
either cure or relief. The air is too rarefied and too stimulating, and 
»cta almost aa an irritant to the bronchial mucous membrane. I have 
also observed in even slight cases of catarrh attended with cough, that they 
are very intractable. I have seen several cases of phthisis, and have one 
at the present time under my charge, but I have not seen any beneficial 
results produced by this climate. They have all gone on from bad to 
worse, and finally died. I believe that it is only the very early stages of 
tubercular disease that this or any other climate can exert a beneficial 
influence, 

" I have a theory of my own in regard to the disease, and which I be- 
lieve I have seen exemplified by several cases; and that is, that there are, 
eo to speak, two classes of cases, one of which is characterized or accom- 
panied by a dry, hacking cough, but with little expectoration and a ten- 
dency to hfemoptyais. In the other, there is a copious secretion from the 
bronchial mucous membrane. This latter class would be benefited by a 
mild dry climate, not subject to sudden changes, and of a lower altitude 
than this, say 2,000 or 3,00:) or 4,000 feet. The former class would 
lead a lifo of torture here, and this climate, or one similar to it, would 
only add to the mischief already done. They would be benefited by a 
mild moist climate, in close proximity to the sea. Phthisis la almost 
unknown among the Mexican population here, notwithstanding their 
filthy habits, probably on account of their living nearly all the time out 
of doors, and being natives of the soil and accustomed to this climate. I 
know that horses brought here from the States, and cattle introduced 
here go down in condition for the first year until they are acclimated, 
and I believe that the human race requires also a certain time for accli- 
mation," 

Of 4,728 cases of disease from all causes recorded at the military 
posts in New Mexico during four years, 1870 to 1874, 10, or one in 472.8, 
were for consumption. The most prevalent diseases at these posts dur- 
ing the while were diarrhoaa and catarrhal diseases, and intermittent 
fever. 

In Arizona, from Camp Apache, at the altitude of 6,000 feet above 
the sea, latitude, 33° 40'; longitude, 32° 52' west. The climate is 
described by Assistant Surgeons J. B. Qirard and L. Q. Loring' 
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being cool and moist, as compared with that of the lower districta. Th* 
forests are esteusivo, and the plateaus and river bottoms during the 
rainy seasoa are luxuriant with rich grasses. Of 1,171 cases of dis- 
easea at the post, during the period 1870-74, there was one only of 
consumption. There were 446 eases of intermittent fever. 

At Camp Grant, in the southern part of Arizona, latitude 33° 25' 
north; longitude, 32' 23' 10" west; altitude, 3,085 feet above sea level. 
Assistant Surgeon Q. McMiUer' describes the climate as an eminently 
disagreoabie one. "The warm aeaaou is very protracted and the daya 
very hot. The nights, however, are comparatively cool; otherwise the 
heat would be absolutely insupportable. The winters are mild, almost 
as much so as those of Florida; but violent winds, frequent at all seasons, 
are particularly prevalent during the cool portion of the year, and very 
heavy rains are also then frequent, especially during the months of Jan- 
uary and February. There are, however, occasional periods of pleasant 
and even charming weather, especially during the autumnal months. 
The mildness of the winters is fortunate for the military, p^eventiIlf-^ 
much discomfort to imperfectly-sheltered officers and men. The cli- 
mate lacks equability at all seasons. The thermometer may indicate, in. 
winter, a point below freezing at day-break, and the cold may be 
very uncomfortable, wiiile at 2 o'clock p.si. of the same day a thin coat 
may prove unpleasantly warm to the wearer. Notwithstanding the 
mildness of the winters, the frequent and great variations of temperature 
will always render the climate an unsuitable one for phthisical invalids. 
Catarrhal affection;', of every grade of severity, are exceedingly common." 

At Camp McDowell, situated on the Eio Verde about eight milea 
above its Junction with the Salt River, latitude, 33° 40' north; longi- 
tude, 34' 37' west; altitude, 1,800 feet above the sea: '• The climate ia 
warm and dry. Although the thermometer in the day-time in summer 
may show a high degree of heat, the nights are commonly not oppressive. 
Thunder clouds from the mountains drop a heavy passing shower once & 
month. In winter the rains are lighter, though of muck longer dura- 
tion. Snow falls on the mountains, but not on the mesa. The windA 
are variable and light, except when immediately preceding a thunder 
storm, "' 

At Camp Mojave, situated on the Colorado Kiver, near the head of 1 
the Mojave Valley, latitude 35" 6' north; longitude 37° 28' west; alti- 
tude, 600 feet above the level of the se^i. " The climate ia healthy, the 1 
winters pleasaut, but the summers eitremely hot. There is no rainy si 
son, though thunder showers are frequent in July and August. The annual 
rise of the Colorado takes place in June. The prevailing winds in the 
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Bummer are from the south, and passing over the arid plaliia the i 
fio heated that ita scorches like that from an oven. The nights are as 
hot as the days, the temperature not varyiug in the slightest degree for 
hours — so hot that no one can sleep in a house, the whole garrison lying 
upon the open plain, endeavoring to catch the faintest breeze, the walls 
of the houses becoming so heated as to render the barracks unendu rablc. ' 
Of 335 cases of disease recorded in four years at this post, 1870-1874, five 
were for consumption. 

" In the valley of Granite Creek (at the base of Granite Mountain near 
the northern extremity of the Sierra Prieta, latitude 34° 29' 6" north; 
longitude 35° 27' 30" west); during the spring and summer montlis, the 
climate is mUd; there being none of the long and scorching heat which 
in the southern portion of the territory kills all vegetation except that 
on the margin of the streams. Frequent rains fall in tbe autnmu, and 
during tlie winter the mountains are covered with snow, which in the 
severe seasons may lie even in the valleys for two or three weeks at a 
time." ' 

Of 0,131 cases of disease recorded at nine military posts in Arizona 
during four years, 1870-1874, 19, orl in 480, were for consumption. The 
prevailing diseases were intermittent fevers, catarrhal and diarrhceal 
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The climate of Southern Colorado is reported upon hy Assistant 
Surgeon P. Moffatt, U. S. Army," from Fort Garland, situated at San 
Luis, the southern of the Colorado Parks; latitude, 27" 23' north; longi- 
tude, 27' 20' west; altitude, 7,805 feet above the sea. 

Dr. Moffatt observes that: — 

" In the last few years this region has acquired quite a degree of 
notoriety as a sanitarium for persons suffering from various forma of 
chronic disease — more particularly in cases involving pulmonarv affec- 
tions. Great numbers of invalids come to tbia territory yearly from the 
Atlantic States, and many from foreign countries in search of health. 
This region promises fair to become to health -seekers the Italy and 
Switzerland of the American Continent, and the Rocky Mountains to 
vie with the Alps and Appenines as a resort for those in search of a new 
lease of life. 

" In considering the sanitary effects of a sojourn or permanent resi- 
dence in this country, including not this point only, but all the elevated 
regions of the southwest, two distinct points are to be taken cognizance 
of : one is the change in occupation, manner of life, and social relations 
to which the individual is introduced, and which he is led to adopt 

' Assistant Surgeons F. S. Stirling and J. B. Lawrence, V. 8. Armj, Op. cit., 
p. 647. 

' From Fort Whipple, Assist. Surgeons H. R. Lippincott and J. B. GirarJ, 
U.S. Army. Op. cit„ p. 856. 

• Op. cit,, p. 257. 
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upon arriving in this country; the otlier has reference to climatic and 
other conditions peculiar to the locality to which he is subjected. 

" In the case of the tourists travelling for pleasure or for health, the 
drudgery of business has been suspended, and recreation is made the object 
of life for the time; or the indolent and luxurious life of the city has been 
exchanged for the noveltiea, oxerciee, and less sumptuous fare of "the 
mountains." In the case of those who have settled permanently in the 
country, they too have adopted occopatioiis and habits of life materially 
different from what they were accustomed to before coming here. It is 
quite a usual thing in these mountainous regions to find people living a paa- 
toral life, or prospecting for ledges amidst the modest surroundings, and 
in the most primitive style, who had been reared in aflfluence and fashion 
in some of the larger cities of the East or of Europe, The number of 
the population who prepare their victuals over the camp fires, or in the 
mdeat cabins, and who work, eat, and sleep in the open air, is by no 
means inconsiderable. Closely-built buildings, heated with stoves, are 
the eiception out of the larger towns. Most of the habitations are bo 
constructed as to admit of free ventilation, and are warmed by the 
primitive back-log upon the hearth, or the little fire place in one comer 
of the room, where the wood is burned on end after the Mexican man- 
ner. It is my opinion that no small degree of the undoubted benefits of 
residence in these mountainous regions is, in certain forms of disease, 
attributable to these causes. From what I have observed, it is by those 
who place themselves under such circumstances, more frequently than 
by those who endeavor to approximate as closely as possible to the per- 
sonal surroundings of older communities, that improvement in health ie 
enjoyed. As a general thing, the more thoroughly the person can ap- 
proximate his occupation and manner of life to the state of existence 
known aa 'roughing it,' the better the result. 

'" The principal distinguishing feature of Fort Garland and vicinity, in 
a sanitary point of view, is its great altitude. Little perceptible effect 
is observed upon the respiration of persons in good health, as a general 
thing, hut some individuals do complain of a want of breath on slight 
eiertiou. The respiration is somewhat increased in frequency, and the 
action of the chest deeper than at ordinary altitudes. This is rendered 
necessary from the fact that a greater volume of air is required to fur- 
nish a given quantity of oxygen to the economy in this place, where the 
barometer indicates a pressure of only about 23.50 inches, than at ordi- 
nary levels. 

" To this increased mechanical action or play of the lungs, and di8ten-< 
tion of the parenchymatous tissue, may be attributed part of the bene- 
ficial effects of high altitudes in certain diseases of these organs. The 
effect of this place (San Luis Park, Ool., altitude 7,805) upon the cir- 
culation is quite as marked as upon the respiration. The pulse of 
fifteen persons, all in good health, was carefully noted. In every 
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the person was in a state of quiet at the time of the examination, the | 
BTibjecta being either seated or in tlio recumbent posture, Tiiree of the 
number were feroalea. The average per minute of the fifteen was, in 
round numbers, ninety, lacking only the filightest fraction. In exam- 
ining the pulse for diagnostic purposes, I had. prior to these obsorva^ 
tions, and almost unconsciously, dropped into the habit of allowing aa 
increase of ten to fifteen in frequency over the usual rate per minute 
without attaching any significance thereto. A Tery noticoabie feature 
in connection with the pulse is its rapid rise in frequency upon exertion. 
The pulse in four persona in perfect healtli was noted while at rest, 
and again after a brisk walk on level ground of a hundred yards, with 
an increase in frequency, respectively, of 28, 42, 35 and 23 per minute. 
This rapid action of the heart and excitability upon exertion is in ac- 
cordance with the increased rapidity of the respiration, but it constitutes a 
very serious objection to this place as a residence for those laboring 
under cardiac disease, or any afl!ection in which it forms a complication. 
I have not seen cases of this nature here; but from what I have observed 
in other localities of considerable altitude, I am satisfied of the truth of 
this remark. Altitude seems to have an effect upon those suffering from 
heart disease something similar to tho exertion of ascending a stair or 
walking up hill. In any case in which this condition exists as compli- 
cation, whatever may be the benefit otherwise, I am satisfied that the 
embarrassment caused to the heart will be a serious offset, if not an in- 
superable obstacle, to any real improvement. , . . 

" Vesicular emphysema, and that form of chronic bronchitis associated 
with disease of the heart, I believe unsuited to a residence here, or 
any locality possessing this altitude. The other forms of chronic bron- 
chitis, chronic pneumonia, and phthisis, are the diseases par excellence 
for which I believe tiiis region peculiarly well fitted. 

" A case is under my observation at present at this post, of a roan who 
left the Atlantic coast a little over one year ago, and came to Colorado for 
bis health. Before leaving the East he had suffered three alarming 
hemorrhages from the lungs, and his case was considered grave In the 
extreme, Since coming to this region he has much improved, and has 
had no repetition of the hemorrhage. A permanent residence in this 
country will, in all probability, confer length of years upon a life which 
was considered doomed before he left his homo in the East. Another 
case has come under my observation in contrast with this, where a man 
came to this region in the third stage of pulmonary tuberculosis ten 
months ago. lie was not improved by coming here; but on the con- 
trary, the increased labor imposed upon the portion of lung still re- 
maining caused a constant uncomfortable feeling of want of breath. 
At an unexpected moment, after be liad been in this country some 
months, violent pulmonary hemorrhage occurred, and the man died 
within ten minutes." 
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Of 2,124 cases of disease recorded at Forts Garland and Lyon, C 
rado, during four years, 1870-1874, 5, or 1 in 432.8, wore for consump- 
tion. Of tbese, 1,267 cases, aud 4 for consumption occurred at Fort 
Garland, 7,805 feet elevation ; and 857 cases, and 1 for consumption, 
occurred at Fort Lyon, 3,800 feet elevation. The most prevalent dis- 
eases at both places were catarrh and bronchitis, and>diarrhcBal diseaseo. i 

At the military posts of Kansas for the same period, 15,051 cases | 
were recorded, of which 29, or one in 347.3 were for consumption. 

In Nebraska, for the same period 9,777 cases, of whicli 14, or one in 
698.3, were for consumption. Catarrh and bronchitis, and diarrhoeal 
diseases, were alike the most prevalent diseases in the military posts of 
both these States, . 

Wyoming. Assistant Surgeon Charles Smart reports from Fort 
Bridger, altitude 7,010 feet.' 

" The climate is temperate and salahrious the greater part of the year, j 
The weather during the fall months is mild and delightful, excepting 8 ] 
few snowstorms of short duration. No severe weather occurs before the I 
middle of December; after that time there are frequent storms and high 
winds. Cold weather coutinnes late in the spring, and the grass does 
not begin to grow until in May. Although the post is in a valley, with 
streams all around and through it, the atmosphere is comparatively dry, 
the reading of the wet and dry bulb thermometers varying from ten to 
fifteen degrees. The prevailing winds are from the west, and on an 
average blow from that quarter twenty-eight days in a month, I 

" In investigating the amount and the character of the sickness at thu I 
station, the records of the past eight years, 1866-1873, have been ex- I 
amined. Although the port has been in esistence since 1857, the records ] 
are complete only from the close of the war, when the volunteers were 1 
relieved by a regular garrison. During these years 2,335 cases were J 
entered on the register, of which six died and forty-nine were di&- J 
charged,' an annual average of 1,933 cases per thousand of mean 1 
strength, with a mortality of 1 in 392 cases. This is a healthier record 1 
than the average of the army during the same period. The discharges, I 
as a whole, have a greater hearing on the physique of the recruits r&- 1 
ceived than the diseases prevalent at the station; setting them aside, the I 
otlier diseases show to the wivantage of Port Bridger. If we express the I 
sickness and mortality of the army, each as a unity, Fort Bridger's sick- I 
roll will he represented by .81, and its mortality by .25. Acute rheu- J 
mutism, conjunctivitis, catarrh, quinsy, laryngitis, and phthisis are I 
specially the diseases of the station. These would seem, with the excep- ] 
tion of conjunctivitis, to be developed from climatic influences. The I 
spread of the eye diseases was the result of low ceilings, overcrowding, I 



' Op. Cit., p. 816. 
•Op. cit., p. 316. 
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continued ^| 



aDtl deficient me&ns for etTecting personal cleanliness, 
prominent on the records for three years, and disappeared with repairs 
and improTements, which furnished increased air-apace by heightening 
the ceiling of the barrack -rooms and abolishing double-tiered bunks. This 
point in the history of the post offers a good example of what sanitary 
science can accomplish. Non-professional men, in their superiority to' 
HQch trifles, may smile at the doctor's insistance on air-space, ven- 
tilation, lavatories, and soon; but a disease completely expunged from 
the record by attention to these trifles proves the virtue there may be 
in them. 

" Acute and chronic bronchitis, pneumonia, and pleurisy are rare dis- 
fioses at this station, only three of pleurisy and two of pneumonia having 
occurred during the eight years. This is a favorable showing; nor is it 
detracted from by the fact that four of the six deaths are set down to 
hing affection. Two are reported as from congestion of the lungs; but 
intemperance and exposure are added, materially qualifying the part 
which climate enacted in the deaths. The third was from abscess of the 
lung (latent) in a soldier prematurely old, and broken down by long 
courses of dissipfttion. The fourth iafrom 'acute phthisis,' as asoquel 
to mountain fever. Peritonitis is responsible for the fifth (particulars 
not given), and penetrating chest wound for the sixth. . . . 

" In a tabulated statement of sickness, giving the monthly ratios per 
thousand of mean strength, average of eight years, 18GG-73, the line§ 
foot up: 



I 



Avi^rage mean strength, . 153 

Bemittent fever, . . 48.03 

Catarrh 400,95 

<Juinaj. .... 84.51 

Laiyngitis .... 6.29 

Acute broncIiitiB, . . 13.05 

Chronio bronchitis, . . 3.43 



Pleuriay, . . . . 2.48 

Inflammation of lungs, , 1,76 

Fhthieis 10.76 

Acute inflammation, . 92.08 

ChroDic rheumatism. . 18.61 

Total climatic disease. . 680.44 



" From the above it is seen that catarrh, numerically considered, is 
pre-eminently the disease of the station, four out of every ten men being 
affected annually. It is difficult to perceive why March should exceed 
the other months so remarkably in its production of this disease, unless it 
be attributed to the alternate freezing and thawing, caused by variations 
above and below the mean temperature of 28.5r Fahrenheit. April, 
May, and June follow on the list; the gradual rise in the temperature 
melts the snows of winter, necessitating precautions against damp feet 
from slush and mud, and furnishing more cases than the colder months. 
Another cause of the prominence of this disease during the months of 
rising temperature is the change which the warm mid-day hours call for 
in the soldier's clothing: the extra shirt is laid aside, and after sunset a 
slight chilliness ushers in the attack. July, August, September, and 
•October have Icaa of these cases, August notably so. 



ai6 TOPOOBAPUY, Sra., of toe 'WSSTEBN HIQH[.AHI)a. ■ 

" Pure cold aeemH to have mucli to do with the production of tonsilli- ] 
tie; December and January, the two coldest months, giving by far tha I 
largest numbers, although February, which tabea rank next as to cold, I 
gives fewer caeeB than the warmer months that follow, perhaps because 
the variation and humidity are relatively less. In this disease also, 
June shows the eSects of lessening the clothing. In August and Sep- 
tember the disease is at its minimum. I believe that these catarrhs 
and quinsies could be much reduced by a system of ventilation. During- 
four months of the year, the temperature falls below zero at night. Tha 
great object of the men in quarters in such weather is to keep warm. 
The fires are well attended to, and every chink which admits fresh air, 
and can be reached, is carefully stopped up. With the thermometer so 
low, there is seldom any wind to promote change in the atmosphere of 
the room, and it soon becomes loaded with exhalations and depressingly 
warm, leading the men to sick-call from exposure at the reveille; pro- 
perly constructed ventilation, which would renew the air and prevent I 
the rooms from becoming overheated, would relieve the sick-report of I 
many a case which burdens it under existing arrangements," 

These remarks are no less significant in regard io family quarters in ' 
the ordinary domicile in cold seasons and climates in the United 
States generally, than to soldier's quarters. 

" Laryngitis appears in the colder months and early spring, and isun- I 
known in the summer. 

" Rheumatic fever is scattered over the months without reference ' 
to season, wind, humidity, temperature, or its fluctuations. . . . 

"Summer is the season for the remittents, but they appear during all 
the other months, except September and October. I am not aware of 
any cose of consumption which has originated in this neighborhood; but. 
although the country has been settled as now for some fifteen years, and 
several large families have been brought up, the population is too scanty ' 
to give this point by itself much weight. The prevailing irapression 
among the citizens ia that the climate, though severe in the winter, is. ' 
very beneficial to such cases of consumption as are able to stand it. 
Such ideas among the people are usually the reflection of professional 
opinion, and I state the above to indicate what hiw probably been that, 
of my predecessors at the post, i 

"Twelve entries of consumption appear on the registers: of these, one. 
died, as recorded above; eight were discharged, one returned to duty, 
and two arc presumed to have returned, although mutilation of part of 
the records prevent certainty; at all events, they are not borne on tha 
monthly reports as discharged or dead. Of the eight discharged, one 
only is stated to have originated prior to entry into the service; the other 
seven are repori;ed as having been developed in the lino of duty — that is,. 
the men, whether affected with incipient phthisis or not before their 
arrival in this climate, were able to perform their duty while at the post. 
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aD(l broke down under the progress of the disease while exposed to 
climatic iiiflueaces of the etation. To the twelve entries I hare added 
in the table a thirteenth, appearing in iVfay, 1871, as a discbarge for 
"debility on account of catarrh." This gives 10,~C per thousand ot 
mean strength of cases of consuraptioii developed at Fort Bridger an- 
nually, to such extent as to cause withdrawal from duty for medical 
treatment, and 8.3 per thousand dead and discharged by reason of thi» 
disease, while only 3,5 per thousand required medical treatment in the 
army as a whole. 

"These figures do not support the popular opinion with regard to 
Fort Bridger, Even allowing that three of the cases (2.43 per thou- 
sand) were so improved by the climate as ultimately to recover, the sums 
climate is responsible for the attack which brought them to the hospital 
from the performance of duty, and it is also responsiblo for the death, 
and discharge of the remaining ten (8.33 per thousand), while tho tem- 
porary and permanent disablement from duty through such cases by th» 
average climates of the United States army stations is but 3. 5 per thoa- 
sand. The rarity of acute bronchial and pulmonary inHammatious is ia 
striking contrast to the marked progress which is indicated in the devel- 
opment of the phthisical cases, and lends to the figures of the latter 
greater value than they would possess if presented alone. 

" The immunity from consumption possessed, as a rule, by the inhabi- 
tants of elevated lands has led to belief in the curative iuilueuce of & 
residence in such climates, provided the disease be in an incipient stage, 
or, as the people here say with more unwitting caution, provided thft 
patient is able to stand it. The cases above noted were in the incipient 
stage, perhaps free from everything but the hereditary predisposition, 
for it cannot be assumed that these soldiers were doing duty while in 
the advanced stages, yet they were not able to stand it. Overheating and 
impure air" (in the garrison), "already spoken of, no doubt had aa 
inBuence on the development of the cases; but these facts do not detract 
from tho value of the figures in the question or causation of influence of 
climate. Bad ventilation and overheating affect more garrisons thaa 
that of Fort Bridger, and have their effect expressed in the 3,5 per thou- 
sand, while the excess of overheating, with its results, at this post, ia 
reflected back on climate by the cold which originates it." 

Of 8,730 cases of disease of all kinds recorded at the military posts 
of Wyoming during tho period of four years, 1870-74, 41, or one in 213, 
were for phthisis. In Montana, for tho same period tliere were recorded 
at the military posts 2,743 cases, of which 11, or one in 249.3, were for 
consumption. In the military posts of both these .States, the moat pre- 
. valent diseases were catarrh and bronchitis, rheumatism and diarrhceal 



In Idaho, at an altitude of 2,880 feet, latitude, 43' 37' north; longi- 
tude. 39° west; the climate as observed by Assistant Surgeon Geo. P. Ja- 



218 



TOPOOBAFHT, XTO., or THE 'VRBTSBIT HIOBLAMDB. 



qnett, U. S. Army,' is generally very healthy. There are two sea 
wet and the dry, but annual rain-fall is light. Only a few case 
common varieties of disease occnrred at the post: 201 during four years 
out of 169 mean strength of enlisted men, and no case of consumption. 

At Fort Hall, located in Lincoln Valley, on the Snake River, latitude 
43° 7' uorth; longitude, 35° 12' west; altitude, 4,700 feet above the level 
of the sen. Assistant Surgeon J. T. Pindell, U. S. Army,' describes the 
climate as being geneially pleasant, though subject to wide ranges in- 
temperature. Lincoln Valley lies among the foot-hills bordering the 
Snake River basin on the East, and measures in its course from north to 
south about five miles in length, aud in the immediate vicinity of the 
military post, one-half mile in width. It is well sheltered from the 
cold winds by the surrounding hills. 

Of 143 cases of disease recorded at the post in four years, one was for 
-consumption. Rheumatism was the most prevalent disease: there was 
no disease of special significance with regard to climate. 

In latitude 4C° 32' north; longitude 40' west; the site of Fort Lapwai, 
near Lewiaton, a town of about five hundred inhabitants, twenty-fivs 
miles west of the Blue Mountains, "a wind, called by the natives 
' Chinook,' is prevalent at all times of the year. It comes suddenly with 
great violence, and is always attended with a very great rise in the tem- 
perature. In winter, one of these winds has been known to commence 
blowing in the evening, at a time when there have been three or four 
inches of snow on the ground, and by morning not a trace of snow could 
be seen. In the summer, the heat attending them is like that from a 
furnace, and vegetation withers before the hot blast.'" The most pre- 
valent diseases, according to the records of the post, are rheumatism, 
catarrh, and bronchitis. Of 469 cases of all kinds recorded in four years, 
there was one only from consumption. 

" The climate of Utah' is quite similar to that of Northwestern Texas 
and New Mexico, and is agreeable most of the year round, excepting for 
a month or so in winter. The temperature in winter seldom drops to 
zero, and only two observations below that point have been taken since 
the post was established. The humidity reaches its maximum in the 
spring months, when the atmosphere is almost saturated. This arises 
from the winds at this season passing over Great Salt Lake from the 

' Fort Bois6. Op. cil., p. 457. 

• Op. cit., p. 605. I 

' Report of Assiatant Surgeons C, R. Qreenleaf and Qeorge C. Douglaaa, U. S. 
Army. Op. cit.. p. 57. 

' Reported by Surgeon E. P. Vollura from Camp Douglas, situatH^d on ■ 
plati^Bii at the base of tlie Watisatcli MouDtamx, two and a half miles east of the 
business portion of Salt Lake City, at an altitude of 730 feet above it. The alti- 
tude of the Hun-dial is 4,904. latitude, 40° 46' S" north; longitude, SH' west. 
Op. cit., p. 333. 
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northward, bringing the watery vapors, not only from that great body 
water, but also from the regions beyond, supplied by the southwesterly 
currents that are seen to pass over at a great altitude, most of the 
winter long. Great Salt Lake, with a ahore-lioe, exclusive of ofifaets, of 
291 miles, is vast enongh to furnish a horizon, in places, like the oceaa 
itself; and being at an altitude of 4,300 feet, some travellers have im- 
agined that on its shore was to be found the most peculiar and unique 
climate on the face of the globe, combining, as it does, the light pure air 
of the neighboring snow-capped mountains with that of the briny lake 
itself; and it is fancied by many that at certain points one may inhale 
an atmosphere salty and marine, like thai found on the shores of the 
Atlantic, happily combined with a cool fresh mountain air, like the 
breath of the Alps themselves. Owing to the absence of marine vegeta- 
tion about the shores, however, there are none of the pleasant odors to 
be found, as on the sea-shore. For several years past, the snow has 
seldom fallen to a greater depth than a foot, and it soon melts away, 
while up to 1860 a fall of three feet was not uncommon, with sleighing 
for a month or so at a time. No tide-gauge observations have ever been 
made to determine the change in the level of Great Salt Lake, but the 
inhabitants about the shore estimate that it has risen about one foot a 
year during the past ten years, which change of level has been caused by 
the steady increase of the rainfall of the country, as well as the swelling 
of the streams flowing into the lake, that drain about one-half of the 
Territory, most of them flowing from the mining districts, where the 
tunnelling, excavations, blasting, etc., tap the mountains in thousands ot 
places where water never flowed before, for every mine becomes a source 
of water, sometimes in large amount. The increase in the atmospheric 
humidity is no doubt in large part caused by the multiplication, of late 
years, of the irrigating canals, which espose an immense area of water 
for evaporation. This is evident in many places by the increased fertility 
of the lands and increased greenness of the landscape, and if it continues 
the necessities of agriculture will soon be met, which in fact is the case 
at present, were the annual amount, about twenty inches, well distrib- 
uted throughout the year. 

" The spring begins about the middle of March, and it is a splendid 
season. The atmosphere becomes as clear as a diamond, distances vanish 
as by enchantment, and Great Salt Lake, twenty miles off, appearing like 
a broad band of indigo, studded with mountain-islands set on its sur- 
face like glittering jewels, seems but au hour's ride away. The city, 
which is a vast orchard dotted with houses half buried in the foliage, be- 
comes a mass of color, variegated by clumps of the bright blossoms of 
the peach, pear, apple, plum, and apricot, mingled with the tender 
colors of the willow, cotton-wood, and mulberry. The bright green 
surface of the valley follows the snow-Hne as it hses np the mountain 
sides, leaving a atrip of russet color l>etween. 
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" The summer may be Baid to be hot, dry, and dusty. The mercury 
seldom rises above 95% though once, in August, 1871. it reached 105% 
and the range is about 30 ' during the hottest weather, which ia necessary 
to insure the cooi breezes found so refreshing at night after the heat of 
the day. At this season, the atmosphere is yellow and brassy, and the 
flying dust clouds, from the parched desert surfaces hundreds of miles 
away, pass over the lijgliest mountuina and thicken the air, and while 
the yalley may be regarded as aa oasis, yet at this season it fiirniBbes its 
quota of dust, and the teamsters and road people coming in from a 
journey suffer from ophthalmia, irritatiye catarrh, and cough, caused by 
impalpable particles of alkaline matter that fill the air. 

'■ The autumn, on account of the high winds, is the most unpleasant 
season of the year, and the dust-storms often obscure the noonday sun, 
and^ fill every nook and comer with dirt, from which there is no escape; 
but as the season advances, the aerial movements dwindle down to the 
little spiral dust-whirls that may be seen in many parts of the valley, at 
the same time furnishing a curious spectacle. In October, the atmo_ 
sphere, crisp and bracing, clears up again aa in spring, and the land- 
scape softens with the rich browns, russets, and scarlets of the dying' 
vegetation, which reaches high up, and mingles with the high rocks at 
the tops of the mountains, soon to be overlaid, however, in these ele- 
vated situations, by the first snows of the season. 

" The new-comer for a short time feels a difficulty of breathing, aris- 
ing from the altitude, and the same trouble is often seen with horses, 
and occasionally travellers speak of feeling giddy and unseated from tho 
same cause. About once in ten years an epidemic of " mountain fever " 
appears to a considerable extent throughout the Rocky Mountain regions, 
including Utah. Its last appearance was in the fall and winter of 1871 
~7'i. It is a malarial fever commencing as an intermittent, paesing" 
on into a remittent, then into a typhoid condition. It may often be cut 
short by prompt large doses of quinine; but after the typhoid symp- 
toms set in, it should be regarded as a typhoid fever, and so treated. 
The mortality Is often high, but reduced in proportion to the attention. 
a patient receives in the early stages. 

" Special report on some of Ike diseases of Utah. — Regarding the prin- 
cipal diseases of Salt Lake valley, and the influence of the climate and the 
altitude on lung troubles especially, I will summarize my views brieflj', 
as follows: The adult population are as robust as any within the borders 
of the United States, and there ia a fiiir number of cases of extreme old 
age. The weight of sickness falls upon the children, who furnish not less 
than two-thirds of all the deaths, most of which occur under five years of 
age. Looking over the registers of the undertakers at Salt Lake City, I 
find the causes of death classified under these headings: 

" ' Males, females, adults, children, country, transient, resident, bow- 
els, lungs, brain, fever, inflammations, child-bed, still-born, old age. 
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polygamy, monogamy, killed accidentally, dropey, debility, and enn- 
driea:' the last heading meaning nnclaaaified. The following abstract 
from the undertaken' books fihows the percentage of deaths of the dia- 
eascB mentioned to the whole number of deaths for the years quoted up 
" , 1874: 
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" The Ogurea of the registers show that the male deaths exceed the fe- 
male in number about 50 per cent. 1 cannot get the relative proportion. 
The polygamous children are as healthy as the monogamous, and the pro- 
portion of deaths ia about the same; the diSereuce is rather in favor of the 
polygamous children, who are generally, in the city especially, situated 
more comfortably as to residence, food, air, and clothing, their parents 
being better off than those in monogamy. It is perhaps too early to 
express any mature opinions as to the influence of polygamy, as con- 
trasted with monogamy, on the health or constitutional or mental char- 
acter of the Anglo-Saxon race ae seen in Utah; but as far as the experi- 
ence has gone, which is long enough to furnish quite a population, 
ranging from twenty-five years downward, no difference can be detected 
in favor of one or the other. . . . 

"Referring to the undertakers' headings mentioned above, 'bowela' 
covers chiefly the common bowel complaints of children that are caused 
principally by exposure to changes of temperature, dabbling in cold 
■water, poor, coarse and inappropriate food while sick, lime and alka- 
line drinking-water, and neglect of medical attendance and proper nurs- 
ing. Under the heading of ' lungs ' are grouped phthisis, pneumonia, 
pleurisy, pleuro-pneumonia, and bronchitis. 

"Regarding the influence of the altitude and climate of Utah on 
phthisis, it may be set down as favorable. My experience here with 
that disease during the past four years has been very small, and my 
testimony on the subject may, therefore, be regarded as in favor of the 
■climate. At Camp Douglas, my observations have been confined to a few 
incipient cases among the troops who came from a distance with it and 
were discharged, to an officer's wife who inherited it from her father, 
and who took cold at a ball when far advanced with it, and passed rap- 
idly on to the last stages, returned home and died; and to the ease of 
my assistant, Dr. John B. Spencer, which I will mention. He inherited 
the disease from his father, developed it by overzeal in hospital and 
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diBSecting-rooni ; and he Bought employment Id the army, with a, Ttew 
of getting atationed somewhere in the interior, elsvatod region of coun- 
try. Circumstanoea brought him to this place. When he reported, he 
waflpale, thin, and feeble, having some time before had serious hremop- 
tysis; his pulse waa small and rapid, and hia respiration hurried and 
difficult, and a constant harassing cough that brought up considerable 
espectoration. A walk of a thousand yards wonld require him to lie 
down to recover his wasted strength. His lungg were both consoli- 
dated at the top; tliere was a cavity of aome size in the upper lobe of the 
eft lung that gave out a rattling, sibilant sound that could be heai'd a 
short distancB from him. The bracing weather of the fall coming on 
soon after his arrival, he commenced to practise a little horseback riding, 
and before the winter was well advanced he could ride to Salt Lake City, 
three miles off, and back, with little fatigue, spending the remainder of 
the day in comparative quiet. By the following spring, though the win- 
ter was open, wet, and changeable, the cavity in his lung was cloaed up, 
and gave no sound to the ear on the chest, and the tubular riles had 
mostly ceased, and his face took on the color of health; he increased 
some twenty pounda in weight, and expressed himself as being aa well 
aa he had ever been, his cough having subsided to a minimum condi- 
tion of a hack, at long intervals, brought on by a bit of food, flying 
dust, or laughter. During this time, he adopted no treatment whatever, 
and only occasionally took a glass of whiskey as a tonic. Having occa- 
sion to go to Omaha a year and a half afterward, he contracted meaales 
while there, and returned with hia cough re-established and expectorat- 
ing freely. The cavity in the left lung re-opened, and hia general con- 
dition waa nearly as bad as it was when he first reported. Exposure at 
hia door, when half dressed one night to respond to a patient's call, gave 
him a chill that waa followed the nest day by nearly a fatal hiemopty- 
sis. Fearing the influence of the coming winter, he took up liis resi- 
dence at Santa Barbara, California, and there regained the good condi- 
tion he enjoyed at thia place; but he allowed hia energy to run away 
with him, he accepted two ofBces under the corporation, and after an 
occasion of overwork and zeal connected with hia duties, he had a hem- 
orrhage and died. 

" During my stay here, I have travelled over the length and breadth 
of the Territory, and have made quite an intimate acquaintance with the 
people of all classes and degrees, and have yet to learn of a caae 
of phthisis that originated in the country, and was unconnected with 
hereditary transmission. Cases of this kind are sometimes seen in chil- 
dren, the offspring of strumous and consumptive parents. Aa I have 
formerly reported, it is the opinion of the local physicians, as well as of 
the people generally, that if a case comes here in the incipient stage, 
and is well circumstanced for comforts, it will get well spontane- 
ously from the beneficial effects of the altitude and the inland dry char- 
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acter of the atmosphere. It Ib the boast of the people that thia la not 
a coneumptive country, which is my opinion decidedly, On the other 
hand, it ib believed that if a patient comes here in the latter stages 
of the disease, the atmosphere ia too rare to give proper support, anil 
that the case will be hastened to a termination more speedily than on 
the sea-coaet," 

"Altitude is doubtless an important element among the means of 
relief and cure of phthisis, bnt it should not be too great. The highest 
places among the Rocky Mountains have seemed to have a fatal influ- 
ence on some cases that have been brought indirectly to my attention. 
The beat level has yet to be determined, as the experience of traTelIer» 
over the Union Pacific Railroad proves. Patients of this class frequently 
pass over the road eastward and westward, and they often sink on the 
way, in consequence of the strain put upon their breathing by the rare 
atmosphere of the highest places where they suffer intensely from op- 
pression and difficult breathing. The porters on the sleeping oars of 
the road have become accustomed to such cases, and their common re- 
mark is, if such and such a case passes safely over the divide or highest 
point, at Sherman, which is 8.243 feet above the level of the sea, they 
wUl reach the end of their journey, a number of such patients having 
died at that point. 

" While at Fort Orook, California, in 1849, I saw quite a number of 
persona in the neighboring country who professed to have been cured of 
phthisis by crosaing the plains on horseback; and from a knowledge 
of their habits and the condition of that Journey, I then conceived that 
the best treatment known for consumption was a year of steady, daily 
horseback -riding in a mountainous country, and a diet of corn-bread and 
bacon with a moderate quantity of whiskey; and I may say that my ex- 
perience has taught me nothing better since. 

" The beneficial infinence of this climate on asthma is decided, and 
deserves a prominent mention. It is also the boast of the people, aa well 
as the physicians, that asthma cannot exist here excepting under a re- 
lieved and modified condition, which I think ia the case. . . . 

" Bronchitis appears in a mild form during the wet and thawing 
periods of spring and fall; but it always yields to treatment, and I have 
heard of no deaths from it. 

" Pneumonia may be regarded as a disease moat liable to be produced 
by the conditions of the climate, and it donbtless makes up the bulk of 
cases reported aa lung disease on the death register of the city under- 
takers." 

Two hundred and fifty miles south of Salt Lake City ' "the atmo- 
sphere is extremely dry. The amount of rainfall is very small; the 

' From PoHt Beaver; latitude, 38" 16' nortb; longitude, 34° 60' 30" west; e,300 
feet elevation, AMiBtant Surgeon F. W. Elbrey. Op. cit., p. 223. 
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number of clondy days in the year very few. The prevailing winds — 
and the winda are frequent and of great force, driving before them 
clouda of dust — blow from the southwest and northwest. Owing to the 
rapid radiation of the eartli's heat, the variation between the temperatura 
of the day and that of the night is always great, often amounting to 40* 
and rarely less than 20°. Not often does the thermometer rise higher 
than 90^ in summer, or sink to zero in winter. Cool nights are the rule 
in summer, and cold nights even to freezing begin in September and 
continue till June. Indeed, no month in the year can he counted upon 
as being surely free from frosts. The climate is healthful, owing to the 
■diurnal variations in the temperature; eatarrhal affections are of com- 
paratively frequent occurrence. Phthisis, when fully established, is not 
at all benefited by a residence here; but phthisis does not frequently 
originate here." 

Of 432 cases of disease recorded at this post dnring four years' obser- 
vation, 1870-1874, five were for consumption. 

In Dakota, the climate is cold and dry, and high winds common. 
Catarrh and bronchitis arc among the most common diseases. 

In the valley of the Red River of the North, about 1,700 feet above 
the level of the sea, the climate is less severe than here, " phthisis pul- 
monalis, pneumonia, and most other lung diseases are rare. The only 
■diseases which seem of endemic origin, are a peculiar pharyngitis and 
tonsillitis, and asthma, which are usually made worse when already ex- 
isting, and sometimes brought on when not before known to e^ist. Both 
■of these diseases may have their origin in the fungus of the wild grasaoa 
of the prairie surrounding the post (Fort Abercromhie), through this 
view has not been esperi mentally established."' ' 

Of 6,014 cases of disease recorded in the ten army posts during the 
four years, 1870-74, 26, or 1 in 231, were for consumption. The moat 
prevalent diseases were catarrh and bronchitis, <iiarrha3a and dysentery. 

In New Mexico, the Ojo Caliente Springs, Taos County, which appear 
to have been known from the first settlement of that country by the 
Spaniards, have recently been made accessible by Denver and Rio Grande 
Railroad. They are situated at an altitude of (J. 000 feet above the level 
of the sea, twelve miles distant by stage from Baranca, a station on the 
railway. The fiow of the water is 1,000 gallons a minute, and the tem- 
perature 122° F. One pint contains (Prof. 0, 0. Marsh): 

Solids. Gra' 

Carbonate of soda, ..... 11.4 

Carbonate of magnesia, , , . , 0.1 

Carbonate of iron, ...... 0.1 

Carbonate of lime, . . . , , i 

' Assiatant SurReoa W. H. Gardner. Report from Fort At>6rcrombie. Op, J 
cit., p. 890. 
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Carbonate of lithia, ...... O.OIS 

Chloride oF sodium, . , . ■ . 0.772 

Sutpliate of potasBa, ...... 0.878 

Sulphate of soda, ...... 0.091 

Silica, 0.153 

Total 16.945 

The Agua Calienle Springs, in Meeilla Oonntj, are also probablj dea- 
tined to become, ere many years, a deservedly popular resort. Dr. T. 
Antisell, geologist of the U. S. Exploring Expedition, gives the follow- 
ing deBcription: 

" Between the Mimbres and Ojo de la Vacca, and close to trail lead- 
ing from the former to the copper mines, is that remarkable spring 
known as the ' Agua Caliente.' It lies about five miles from the river; 
where the springs issue is a monnd or bank of tufaoeous deposit, formed 
by the overflow of the spring at some former time, previous to the side- 
channelH being formed. This mound is twenty feet above the valley 
level, and two and one-half feet above the level of the water in the 
spring, showing that the spring, by the deposit of carbonate of lime 
from its waters, has formed a basin-wall for itself, and allowed its level 
to be raised above the surrounding valley. This calcareous basin is 
twenty-five feet across and does not show bottom, except around the 
edges, which ure rocky; a twelve- foot pole thrust into the middle did 
not find bottom. The temperature of the spring was 130° Fahr, at the 
surface. From one point below bubbles of gas arose in great abundance 
{carbonic acid). The water is agreeable to the taste." ' 

In Colorado, the Middle Park ■ Hoi Springs, situated in Grand 
County, eight thousand feet above the level of the sea, in the midst of 
magnificent scenery, are rapidly coming into favor. They are accessi- 
ble by stage and horseback, about sixty miles from Central City, on the 
Colorado Centra! Railroad; or by one hundred miles stage and horseback 
from Golden City, on the same railroad. "The favorite route," as 
given by Walton," " is by the way of Berthoud Pass. Having arrived at 
Georgetown, the tourists procure saddle and pack horses, and guides. 
The first day's journey will be over the summit of the range, eleven 
thousand feet above the level of the sea, and through a dense forest of 
timber for fourteen miles beyond, to the head of the park. Here camp 
is usually made. The next day's ride is down an open valley or arm of 
the park, following for some miles the course of Fraser's River. The 
route by South Boulder Pass is tedious and diificult, the road passing 
over the extreme summit of the range, more than 13,000 feet above the 
aea, where snow-storms are not unusual in July and August. The 
' T. Antisell, M.D. " Goverament Exploration for Pacific Railroad," voLvii, 
p. 156. 

' Op. cit , p. 306. 
15 
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James Peak ronte is one of the most interesting, the road winding- 
around the mountain, one of the highest points in the range, and the 
the ascent easily made. All the roads, however, after crossing the 
mountains, meet together in the valley of the Fraser River. Thence 
the road is a pleasant carriage-drive along the meadow-like valleys, with 
timbered ridges or table-lands to the right and left. The grass is of luxu- 
riant growth and great variety. Clover of several kinds, and the blue 
flowering flax, are seen everywhere. All through late spring and early 
summer, the prairies are bright with flowers, and the air laden with 
their fragrance. Delightful camping places are seen all along the route, 
and days or weeks can be whiled away in Arcadian simplicity and en- 
joyment. I 
" Arrived at the Springs, there are several houses, a little trading as- 1 
tablishment, and a primitive blacksmith -shop. The springs, many in 
number, are grouped together on an embankment, three hundred feet 
£rom Grand River, and about thirty feet above it. The stream formed 
by the united overflow of the springs is from three to five inches deep, 
and four to six feet wide. The flow is probably much greater than 
that recorded. The sources vary in temperature from 111° to 116" Fahr. 
Curiously enough, on the opposite side of the river is a cold sulphur 
spring." 



Odb ptnC coolalM. 


No. S. VOi'V. 
E. J. MaJleC. 


'"'il^^- 


Solids. 


Grains. 
8.687 

1.661 
0.139 
8.1BI 
0.656 
tracee 
traces 
0.077 


Grains^ 


















Sulphate of soda 


1.331 






Lithia 








Total 

Gases. 


8.401 

Cubic inches. 

3.33 


8.881 
Cubic inches. 
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Manitou Springs, Maniton, El Paso County, five miles west by stage 
from Colorado Springs station, on Denver and Rio Grande Railroad, 
6,529 feet above the level of the sea, and within view of Pike's Peak. 
No analysis of this water accessible; but from an analysis of the salts. 
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obtained by boiling down an unknown quantity, T. M. Drown, of Phila- 
delpliia, gives the following percentage: 

Bicarbooate of BCKla. ,.,... 24.01 

Bicarbonate of magnesia, . . . ■ • 8.89 

BicarboDate ot lime, ...... 15.62 

Chloride of potaasiuiu, ..... 10.01 

Chloride of sodium, ..•.,. 36.6U 

Sulphate of soda, ...... 4.78 

100.00 

Pagasa Springs, in Conejos County, from Del Norte, a station on 
Del Norte Branch of Denver and Rio Grande Railroad. Hoi purgative 
wafers, said to resemble the famous Carlsbad of Bohemia. One pint 
contains (140" Fahr.): 



Solids. 


Qrains. 
0M2 


Carbonate of lime. ..... 

Carbonate of lithia, ..... 

Carbonate of sodium, .... 


0.S58 
4.800 
0.051 


Sulphate of potaasa. ..... 

Sulphate of soda, 

Silica, 

Organic matter, ...... 

Total 


0.610 
. 16.149 

0.410 
trace. 

. 84.258 



Rocky Mountains Springs, Boulder County, twelve miles from 
Jamestown, a station on railroad from Denver to Boulder City. Calcic- 
aperient and chalybeate. One pint contains (C. T. Jackson): 



Soui>g. 
CarboDate of soda, 



Oraina. 
0.474 
0.049 
S.414 



Carbonate of magnesia, .... 

Carbonate of lime, ..... 

Carbonate of iron, ...... 0,38S 

Chlorideofsodium, ...... 0.620 

Sulphate of soda, ...... 18,075 

Iodide and bromide of sodium, ..... 0.162 

Silicate of soda, ...... 0.500 

Total 80.650 

Carbonic acid gas, amount undetermined. 

Idaho Hot Springs, Clear Creek County, Col., Colorado Division of 
Union Pacific Railroad from Denver, thirty-eight miles from Denver. 
One pint contains (85' to 115'^ Fahr. J. G. Dohle): 
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Solids.* 
Carbonate of soda. 
Carbonate of magnesia, 
Carbonate of iron, . 
Carbonate of lime, 
Chloride of sodium, 
Chlorido of magnesium, 
Chloride of calcium. 
Sulphate of soda. 
Sulphate of magnesia. 
Sulphate of lime. 
Silicate of soda, 

Total, 
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Grains. 
8.86 
0.86 
0.52 
1.19 
0.52 

trace. 

trace. 
3.67 
2.34 
0.43 
0.51 

18.89 



Canon City Springs , Ganon City, Fremont County. Station on 
Pueblo Branch of Denver and Bio Grande Railroad, one hundred and 
sixty-one miles from Denyer. Mild alkaline, and warm : 



One pint contains. 


Iron Duke. 
Prof. Leon. 


Little Ute. 
Prof. Leon. 


Hot Springs. 102«F. 
Prof. liOon. 


SOUDS. 
Carbonate of soda 


Grains. 

9.598 
1.824 
trace. 
4.124 
trace. 
10.873 
1.524 


Grains. 

9.548 
1.749 

trace. 
2.812 
trace. 

14.747 
1.513 


Grains. 

9.148 


Carbonatie of maim^wia 


1.699 


Cai'bonate of ir«>p ,,-.,. ^ 


trace. 


Carbonate of lime 

Carbonate of lithia .... 

Chloride of sodium 

Sulphate of soda 


4.086 
trace. 
2.264 
9.910 


Total 


27.443 


80.369 


27.007 







Chalk Creek Hot Springs, Chaffee County, P. 0. Nathrop, Col 
Temperature, 130" P. One pint contains (Prof. G. E. Patrick): 



SoLms. 
Carbonate of potassa, 
Carbonate of magnesia, 
Carbonate of lime, 
Chloride of potassium, 
Sulphate of soda, . 
Silicate of soda. 
Silica, 
Lithia, . 
Organic matter, . 

Total, 



Grains. 
0.016 
0.078 
0.244 
0.079 
0.771 
0.824 
0.254 
trace, 
trace. 

1.766 



Carlisle Springs and Parnassus Springs, South Pueblo, Pueblo 
County, are good alkaline waters with 8ome chalybeate properties. 
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Portif Springs, near Denver, are sulphurous-chalybeate. One pint^ 
contains (Prof. E, J. MaUett, Jr.): I 

80LIDS. Oraine. I 

Carbonate oF soda, ...... 0.730 I 

Carbonate of magnesia, . , . . . 0.184 B 

Carbonate of time, ...... 1.S86 ■ 

Chloride of BOdiuiQ 0.666 I 

Chloride of magncHium, ..... 0.14S ■ 

Sulphate of potassa ...... 0.037 I 

Sulphat* of BOda 8.443 I 

Sulphate of eodjuro, ...... 0.888 I 

Silicate of soda. 0.U3 M 

Oxide ef iron 0.187 ■ 

Aminoziia, ....... traoo ^| 

Total, ........ 6.B66 1 

Carbooic aeid gas, and Bulplm rotted hydrogen in undetermined quauiities. ■ 

South Park Springs, Park County, on the South Platte River, I 
in the southern portion of the park, eight to ten thousand feet above tli»'l 
level of the sea, surrounded by magnificent scenery, are alkaline. I 

The American Geysers, ia Wyoming, though with medical pro- " 
pertiea aa yet undefined, are among the grandest springs in the world. 
As described by Gen'l H. D. Washburn, in Scribner's Monihly, in 
1871: 

" Our search (or new wonders leading us across the Fire Hall River, 
we ascended a gentle incrusted slope, and came suddenly upon a large 
oval aperture with scalloped edges, the diameters of which were eighteen 
and twenty-five feet, the sides corrugated and covered with a grayiah- 
white siliceous deposit, which was distinctly visible at the depth of one 
hundred feet below the surface. No water could be discovered, but we 
could distinctly hear it gurgling and boiling at a great distance below. 
Suddenly it began to rise, boiling and spluttering and sending out huge 
masses of steam, causing a general stampede of our company, driving us 
some distance from our point of observation. When within about forty 
feet of the surface, it became stationary, and we returned to look down 
upon it. It was foaming and surging at a terrible rate, occasionally 
emitting small jets of hot water nearly to the mouth of the orifice. All 
at once it seemed seized with a fearful spasm, and rose with incredible 
rapidity, hardly affording us time to flee to a safe distance, when it burst 
from the orifice with terrific momentum, rising in a column the full size 
of this immense aperture to the height of sixty feet; and through and 
out of the apex of this vast aqueous mass five or six lesser jets, or round 
columns of water, varying in size from six to fifteen inches in diameter, 
were projected to the marvellous height of two hundred and fifty feet. 
These les^r jets, so much higher than the main column, and shooting 
through it, doubtless proceed from auxiliary pipes leading into the prin- 
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cjp&l orifice near the bottom, where the exploaive force is greater, 
the theory, that water by constant boiling becomes explosive when 
from air be true, this theory rationally accounts for all irregularities 
the eruption of the geysers. 

" This grand eniplion continued for twenty minutes, and was the moat 
magnificent eight we ever witnessed. We were standing on the aide of 
the geyser nearest the snn, the gleams of which filled the column of 
sparkling water and spray with myriads of rainbows, whose arches were 
constantly changing, dipping, and fluttering hither and thither, and dis- 
appearing only to be succeeded by others, again and again, amid the aque- 
ous column, while the minute globules into which the spent jets were 
diffused when failing sparkled like a shower of diamouds, and around 
every shadow which the denser clouds of vapor, interrupting the sun's 
rays cast upon the column, could be seen a luminous circle radiant with 
all the colors of the prism, and resembliug the halo of glory repre- 
sented in paintings encircling the head of the divinity. All that we had 
previously seen seemed tame in comparison with the perfect grandeur and 
beauty of this display. Two of these wonderful eruptions occurred dur- 
ing the twenty-two hours we remained in the valley. This geyser we 
named the 'giantess.' 

" A hundred yards distant from the 'giantess' was a siliceous cone, 
very symmetrical but slightly corrugated upon its exterior surface, three 
feet in height and five feet in diameter at its base, and having an oval 
orifice twenty-four by thirty-six feet and one-half inches in diameter, 
with scalloped edges. Not one of our company supposed it was a geyser; 
and among so many wonders it had almost escaped notice. While we 
were at breakfast upon the morning of our departure, a column of water, 
entirely filling the crater, shot from it, which, by actual triangular 
measurement, we found to be two hundred and nineteen feet in height. 
The stream did not deflect more than four or five degrees from a vertical 
line, and the eruptiou lasted eighteen minutes. We named it the 'bee- 
hive.' 

Five other geysers were observed by the exploring party, which were 
variously named according to the degree of activity, the shape of the 
column of water, or the form of the siliceous deposit about the orifice. 
... The ■ Fan ' ... The ' Grotto ' . . . The ' Castle ' . . . The 
'Giant.' . . . 

" The party did not analyze the waters. The sinter was both carbon- 
iferous and ailiceouH, the latter characteristic predominating; and we 
may with confidence conclude that the waters contains considerable 
silica in solution." 

The springs observed in this region, which resembled boiling mud, 
deposited a sediment of various colors — some white, some delicate laven- 
der, and others of a brilliant pink. An analysis of specimens of this 
Eediment, by Prof. Augustus Staitz, gave the following results: 
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Soups. 


White Sediment, 
percent. 


Lavender Sed. 
percent. 


Pink Sediment 
percent. 


Silica 

Magnesia 


42.2 

88.4 

18.7 

6.6 


28.2 

*"4.*2 

' '58.6 
8.2 
0.6 

"*6*2 


82.6 


Lime 

Alkalies 

Alunoiina 


8.3 

■ . ... 

52.4 


Boracic acid 




Oxide of iron 




Soda and potassa 


4.2 


Water ana loss 


2.6 






Total 


100.0 


100.0 


100.0 







In Neyada^ hot springs have been deflcribed near Pueblo, in Hum- 
bolt County; and ' Volcano' Spidngs in Lander County; but the sur- 
roundings have not yet been improved, nor the water analyzed. 

In Montana, white sulphur springs^ sixty miles by stage from Liv- 
ingston, a station on the Northern Pacific Railroad, in a broad valley, 
surrounded by mountains, whose peaks are covered with perpetual snow, 
are said to exist, but no analysis of the water has been published, and 
improvements are yet in embryo. 

In Utah, near Salt Lake City, Salt Lake Hot (sulphur) Springs are a 
popular resort for invalids from thereabouts for skin diseases and rheu- 
matism. Temperature llO** to 128° F.; no analysis available. 




CLIMATOLOOICAL TOPOGRAPHY AXD MINERAL SPRINGS 
OP THE PACIFIC SLOPE. 

Tub mountain slope to the Pacific is, for the most part, verj abrapt 
and irregular. It begins in latitude 62" north, with the descending 
grade of the Alaska Mountains southerly, and westerly into Alaska pen- 
insula, 350 miles long and 25 miles in average breadth. And from the 
base of Alaska peninsula the slope continues an irregular parallel with 
the coast all the way from Alaska to Southern California. From the in- 
terior westward there is a continuous and quite uniform range — the 
Sierra Nevada of California, and the Cfiacade Mountains of Oregon. 
North of 50° latitude all these are merged into and consist of oft-ehoots 
from the Rocky Mountains. The whole range is sharp, with snowy, 
humid summits clothed with forests for the most part, and very rarely 
taking on the plateau form, except to a slight extent in the south of 
Oregon and the north of California. But at the southern extremity of 
the Sierra Nevada, latitude 34^% the range declines so much from about 
that point to its termination in the peninsula of Lower California as to- 
lose its climatic influence. 

The climate of this extensive coast slope ia exceedingly varied by 
reason of the broken nature of the surface, but greatly modified through- 
out by proximity to the ocean, and considerably warmer and more equable- 
than in corresponding latitudes in the interior. 

Of the surface and climate of Alaska, as observed in the vicinity of 
Sitka, Assistant Surgeon John Brooke, U. S. Army;,' gives the following- 
description : 

" The town of Sitka, including the military post of the same name, 
is located on the western side of Baranoff Island, in latitude 67" 3' north;. , 
longitude 58' 36 west. It is built upon the shore of Sitka Bay, about 
ten miles from the ocean, and upon a point of the island whore the Bay 
divides into two arms, one of which runs about ten miles into tlie island, 
and terminates in Silver Bay, while the other passes round the northern 
end of the island to join the inland waters. . . . 

" The physical appearance of the country around Sitkahaabeen likened. 
to the first picture in the common school atlas of the comparative height of 

I Op. cit.. p. 483, 
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mountains. A chain of mountain peaks of various heights encompassea 
the place on every side, except that toward the open sea, while the nar- 
row atrip of level country which lies between the town and the mountain 
base IB 80 covered with moss and rotten timber that its surface resemblea 
water-soaked sponges. Several small glaciers can be seen on the moun- 
tain sides during the middle of snmmer; in winter they are entirely 
covered with snow. Some ten orfifteen miles westward from the town is 
Mount EJgecomb, an extinct volcano, with the furrowed tufa near the 
top and the crater still plainly visible. Itforms an important landmark 
for mariners entering the bay. 

The tops of the mountains, which almost encompass the place, are 
more or less covered with snow and ice during the entire year, and con- 
sequently act as condensers to the moisture contained in the warmer air, 
which comes in from the ocean. Rain is, therefore, an almost daily 
feature of the place. During the winter, snow sometimes takes the place 
of rain, lying last winter to the depth of over three feet at one time. 
During the year 1873, the rain-tall was 74,64 inches. In one month of 
this year (October, 1874), it amounted to 17.98 inches. The cold is 
never very intense, the thermometer seldom, if ever, getting as low as 
zero; while, on the other hand, it rarely reaches 70" in the warmest sum- 
mer weather, and fires are lighted almost every day in the year. During 
the shortest days there are but six bom's of snnlight; and as the sun only 
attains an elevation of about 10% it follows that on cloudy days, which 
is the rule, it is dark and gloomy at mid-day, while duringthe months of 
June and July it never grows entirely dark, the nights being rather a 
prolonged twilight. 

" It might naturally be supposed that in such a climate acute rheu- 
matism and acute pulmonary inflammation would be very common, but 
such is not the case. During a tour of nearly fifteen months, I have seen 
but one case of acute rheumatism, and not a single case of uncomplicated 
pneumonia or plenritis. Cases of subacute rheumatism, however, and 
pains and aches of a few days* duration are quite frequent. Pulmonary 
phthisis is not nncommon, and forms a large percentage of the cases of 
disease even among the nativo Indians. 

" Oases of sickness not infrequently occur in which there is a general 
adynamic condition of the system without definable disease, a condition 
which is doubtless due to the depressing influences of almost continuous 
wet, and cool and cloudy weather; a monotonous diet, in which fresh 
fruits and vegetables play an insignificant part; the almost entire ab- 
sence of out-door amusements, and the want of opportunities for suffi- 
cient exercise in the open air." 

Of 712 cases of disease recorded at the post during four years, 1870- 
1874, two were for consumption. The most prevalent disease was rheu- 
matism, of which there were 130 eases. There were but four deaths, two 
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of which are classed under the head of "other local diseases," and 
other two, one drowned, and the other suicide. 

The climate of Washington Territory, at the altitude of 2,800 feet 
above the sea, latitude 48' 41' north; longitude 40' 52' west; is described 
by Assistant Surgeons E. G. Chase and W. I>. Baker, U. S. Army," as 
being cold in the extreme; the fttmospliere dry, crisp, and bracing. 
"Malarial diseases entirely unknown in the country. Not one case of 
phthisis originated at the place; but two or three cases, which were 
ported, rapidly improved under treatment; phthisis, however, is very 
prevalent and very fatal among the Indians." 

Of 219 cases of disease recorded at the military post during foar' 
years, 1870-74, there was one only of phthisis. The most prevalent dis- 
eases were rheumatism, catarrhal and diarrhoeal diseases. 

At Fort Vancouver, situated on the Columbia Eiver, one liundred 
and twenty miles from its mouth, latitude 45° 40' north; longitude 48' 
27' west; on information furnished by Surgeon -General J. K. Barnes, 
Surgeons J. li. Bill and R. H. Alexander, U. S. Army,* for the aams 
period, of 1,091 cases of disease recorded, three were for consumption. . 
The most prevalent diseases were catarrh and bronchitis (223 cases),. 
diarrhiBal diseases and rheumatism. 

According to the report' of Surgeon C. H. Alden, U. S. Army, from 
Fort Walla Walla, in the southeastern part of the Territory, latitude 
46° 4' north; longitude 40° 21' west; 865 feet above the level of the sea, 
the prevalent diseases at the post and in the vicinity are malarial and 
rheumatic affections. Of 288 recorded cases of disease at the post, there 
were for diarrhtea and dysentery .35, catarrh and bronchitis 30, other local 
causes 101, for rheumatism and phthisis none. 

The climate of Oregon in the interior, and at an altitude of 4,000 
feet and upwards, as observed by Assistant Surgeons Charles Styer, R, 
Knickerbocker, and C. B, Byrne, U. S. Army, from Camp Harney, 
latitude 43° 30' north; longitude 41° 27' west; and Assistant Surgeon 
Henry McEldevy, U. S. Army, from Fort Klamath, in southwestern 
Oregon, latitude 42" 39' 4" north; longitude 44'" 40' west; isv 
in the winter months; and frosts during every month in the year. Of 
836 cases of disease recordedat the first-mentioned of these posts during 
four years. 1870-1874, three were for consumption; and at the second, 
for the same period, of 659 cases, 14 were for consumption. Catarrh and 
bronchitis, diarrhraal diseases and rheumatism were prevalent. At Fort 
Stevens, situated upon the extremity of Point Adams, at the mouth of ths 
Columbia River, on a low sandy spit, covered with a heavy growth of 
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of spruce and hemlock. Assistant Surgeon D, L. Huntington, U. S. 
Army, reports: ' 

"The climate is equable, much more so than on the same isothermal 
line of the Atlantic coast. The year is practically divided into a dry and 
wet seaaon. The former embraces the months of May, June, July, 
August, and September, during which but little ruin falls. The rains 
commence usually in October, and continue almost without intermis- 
sion until May. 

"Sudden or excessive changes of temperature are very uncommon. 
During the year 1873, the highest recorded temperature ia 86°; the 
lowest, 24°. The average mean temperature of several years is about 64°. 

"Snow and ice are not common, and generally, during the winters, 
Tegetation is not entirely suspended. 

"The annual rain-fall is excessive, and is confined to the wetseaaou. 
During 1873, 77.80 inches fell, which is about the average. 

" The prevailing winda of winter are southeast and southwest, occa- 
sionally northeast. The former are warm and humid; the latter, dry' 
and cold. During summer, the prevailing wind is from the northeast." 

Of 316 cases of disease recorded at the post during the four years' 
observation, two were for consum^jtion. The most prevalent diseases 
were those classed under the head of " local diseases," but none particu- 
larly prominent. 

In California alone, the climate extends over almost ten degrees of 
latitude. But that of the aea-ahore ia generally influenced by the tem- 
perature of the ocean. The cold current which flows out of Behring 
Strait and huga the coast inside of the Kuro-sievo, or Pacific ocean- 
current, similar to the Gulf stream, has a temperature of from 53' to 
54° the year round. From April to October, inclusive, north or north- 
west winds prevail, and almost daily during this period a deluge of cold, 
damp air, of nearly the same temperature as the ocean over which it has 
passed, is poured upon the land. It ia commonly laden with miat in 
dense clouds, which it deposits at the foot of hills, and on the slopes of 
the high lands, or carries a abort distance into the interior. 

Wherever there ia a break in the mountain wall which shuts off these 
mists from the sunny valleys of Middle California, the climate is, us 
nearly as possible, the opposite of the aea-coaat climate in every respect; 
BO effectually do the raountaina shut off the basins of the interior. 

Notwithstanding, it is remarkable to observe that of 6,792 cases of 
disease recorded at the military posts, during a period of four years, 
1870-1874, in California near the sea-level — the greatest altitude being 
397 feet — 30, or one in 220.5, were for consumption; while of 422 cases 
recorded at the posts east of the coast chain of mountains, at altitudes 
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of 4,680 and 4,958 feet above the leyel of the sea, there were 3, or one ia 
140, for consomption. 

Oommencing at the south, the chain of mountains formed by the 
anion of the sea-coast range and the Sierra Nevada completely shuta off 
the ocean climate, and inatea^l of the moderately humid airof the western 
elope to the Pacific, there is on the eastern elope and basins of this region 
a climate of nuueual dryness and of almost fiery severity, reducing the 
soil to a desert. Even the mouutaina which retain the snow till a late 
period in the season have a high temperature in the middle of the day, 
and the presence of enow on their summit in June is due rather to the 
great mass which lias aecumulated on them in winter than to the lownees- 
of temperature even at such altitudes at this season. 

The great altitude of the mountains near the Pacific coast is one of 
the most distinctible features of surface character exercising influence 
over the climate. Those near the coast are much broken; that ie to say, 
they consist of overlapping groups, from forty to seventy milea wide, at 
'an altitude nowhere exceeding 4,000 feet, from twenty to seventy miles 
from the coast. But at their crests, twenty to fifty milea further from 
the coast, some of the peaks reach an altitude of 10,000 feet. And the 
Sierra Nevada Mountains, of which the irregular coast chains and groups 
are off-ahoots, from one hundred and ten to one hundred and fifty miles 
from the coast, attain a considerably greater average altitude, the 
highest peaks being 13,IJU0 to 15,000 above the level of the Pacific. But 
these also are sufficiently near the coast to exercise considerable infiuence 
over the climate. 

In San Francisco, and in moat of the towns on the coast north of that 
port, the summer temperature is frequently too cool for comfort. In 
the nine degrees of latitude, between the mouth of the Columbia River 
and Monterey, the mean temperature of the year varies only three or four 
degrees, but the summers are hotter and the winters cooler in the 
northern part than in the southern. 

Between the coast and the interior valleys, there is a large district 
under the joint influence of the ocean atmosphere and the forests, ap- 
proximating the condition of Florida, with the additional influence of 
mountain peaks hard by, and consequently enjoying one of the most 
delightful climates in the world. This region is composed chiefly of the 
valleys surrounding the Bay of San Francisco, and expanding into the 
interior in every direction. The sea-breeze, with its clouds and abun- 
dant moisture, prevents these valleys from being parched with drought, 
tempers the fierceness of the heat, and moderates the cold of winter. 

Except in the northern counties, there is nothing which can properly 
be called winter in this region, the year being divided into the rainy and 
dry seasons. Through the rainy season in San Francisco and on the coast 
generally (as may be seen by turning to the charts and records of 
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hnmidity), no more rain falU than in the Atlantic States during the 
summer. 

In southern California:' 

"The winter maybe said to commence about November. During 
this season the days arc usually warm, and the nights cold, the difFerence 
in temperature being very great. In the lowlands ice sometimes forms. 
The atmosphere is exceedingly dry, and very little rain falls during the 
winter. When the coast rains prevail in California, sometimes a few 
drops fall here. The climate Is rendered somewhat disagreeable by 
occasional violent sand-storms, usually from the northwest. They can 
be seen approaching for some hours, gradually obscuring the sun; 
finally they hurst with suiden fury, filling the air and everything 
around with fine dust. These sand-storms sometimes last three days; 
in the intervals between them no more delightful climate could be 
desired. Fires are necessary during these months, November to March, 
and heavy underclothing ia required to protect the body from tlie sudden 
change of temperature which takes place after sundown. 

" Spring commences about the last of February, and is without rain. 
The cotton woods and willows put forth new leaves, but, owing to the 
continued cold nights, the leaves do n6t mature before the middle of 
April. Fires are still required in the evenings and early morniugs. 

" The heat rapidly increases from the latter part of May, and in June, 
Jnlj, Angust, and September may be said to be intense. In the months 
of July and August (the rainy season in Sonora), clouds are seen passing 
to the northeast accompanied with rain, thunder, and lightning; occa- 
sionally they reach the vicinity of Yuma, and are most refreshing. Dur- 
ing the months of April, May, and June, no rain falls; then, with the 
thermometer at 105", the perspiration is scarcely seen npon the skin, 
and it becomes dry and harsh, and the hair crispy. Furniture put 
together at the north and brought here falls to pieces; travelling cheats 
gape at their scams, and a sole-leather trunk contracts so that with diffi- 
culty the tray can be lift«d. Furniture, to hold together, must be made 
of the very dryest timber. The extreme dryness of the atmosphere ia 
observed in the ink that dries so rapidly upon the pen that it requires 
washing off every few minutes. A No. 2 ' Faber' leaves no more trace 
on paper than a piece of anthracite, and it is necessary to keep one im- 
mersed in water while using one that has been standing in water for 
£ome time. Newspapers require to be unfolded with care; if rudely 
handled they break, I was called to insjwct some commissary stores a 
short time ago, and the loss they had sustained was remarkable. 



' Report from Fort Yuma, ou the Colorado River, 180 miles from its moutli; 
latitude as- 23' 3" north; longitude 37° 33' 0" west; altitude 307 feet above tide 
'water. Assistant Surgeons J. T. Lauderdale and Oeorge S. Rose. Op. cit. p. 
«B0. 
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Tirelre-pouud boxes of soap weighed ten ponnda. Hams had lost twein 
per cent and rice two per cent of their original weight. Eggs that hare 
been on hand for a few weeks lose their watery contents bj evaporation; 
the remainder is thick and tough; this has probably led to the story that 
our hens lay hard-boiled eggs. 

"The mercury gained the highest point last summer (1873) on the 
second day of July, when, for two hours, it stood at 133° in the shade. 
All metallic bodies were hot to the touch; my watch felt like a hot-boiled 
egg in my pocket; the cords on my grass hammock were like heated 
wires. At such times, if the wind is from the south, the air is like that 
from the mouth of a furnace, hot and ovenish. 

" The effort to cool one's self with an ordinary fan would be vain, 
because the surrounding atmosphere is of a higher temperature than the 
body. The. earth under foot is dry and powdery, and hot as flour just 
ground, while the rocks are so hot that the hands cannot be home upon 
them. The parade is always hot at mid-day, and the story told of a dog 
that ran on three legs across it, barking with pain at every step, may be 
correct, though I have never seen it tried. 

"This post, though not the most southerly, is the hottest military 
post in the United States; the highest temperature recorded in our 
books since 1850, when the post was established, is 119", observed at 
2.25 P.M., June 6th, 1859. A temperature of 100° may exist at Fort 
Yuma for weeks in succession, and there will he no additional case of 
sickness in consequence. 

"The dress must be of the lightest, suitahle to the temperature, 
The lightest woollen fabrics that are made should be worn neit to the 
skin, or, if woollen is not borne well, cotton. The dress of the natives 
is very simple. The heavily-fringed kilt, made of the bark of the Cot- 
tonwood, or woollen yam in two divisions, which hardly come together 
at the hips, and worn about the loins, is the fashion which obtains 
among the Yuma women, while the men of this tribe encumber them- 
selves with about two yards of mnsUn, and a belt or strap. 

" Ice is never seen, not even on the coldest day in winter. I do not 
think it would be desirable to have the article in summer if it could be 
furnished. The water we drink is relatively cool at 60" to 75', and is 
very refreshing. 

" We have none of the malarial diseases incident to the cities of the 
Gulf of Mexico, or along the eastern seaboard. The heat depresses the 
already debilitated, and we raiss the tonic eSect of the cold weather; but 
those who come here in good health, and observe the ordinary rules for 
preserving it, will have nothing to fear from the higli temperature, 

"The influence of the great 'Colorado Desert' on the climate is 
more or less felt in all the counties comprising the southern half of the 
Btate. The desert is an immense oven where a hot and rarefied air is 
generated, which rages in hot blasts from time to time over these coun-. 
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tiea. The rain which waters the northern portion of Mexico does not 
trsrel acrose the deeert, the moisture being taken up by the hot, dry air. 
These dry and desiccating currents exhaust also the moisture which 
comes down from the north in winter, so that there is a large rainless 
area on the southern border of the State whicli is year after year robbed 
of its moisture by the proximity of the desert. Geologists affirm that 
at one time the greater part of this desert was covered by the waters of 
the Gulf of California, and the theory is maintained that if the greater 
part were again submerged, hot winds would cease to rage over these 
southern counties, and as mucli rain would fall there as upon the noi-th- 
em part of the State. The climate would then be coolerand more equa- 
ble. Much of the land comprising the desert has been found to be 
below the level of the low tides of the Gulf, and practical engineers 
maintain that at comparatively small expense this great desert furnace 
can he cooled by covering it with water. The theory is that, were the 
desert a sea, it would send up a column of atmosphere charged with 
moisture, which, meeting the colder currents from the ocean, wonid 
precipitate frequent showers, and thus change large tracts of the conu- 
try from barrenness to fertility." 

Dr. A. B. Stuart, a former resident of Winona, Minnesota, in a paper 
on " Santa Barbara as a Health Resort," states that, from personal ob- 
servation 

"Almost any desirable peculiarity, either in climate or geographic 
location, from sea level to 3,500 feet of altitude, for invalids can be ob- 
tained in Santa Barbara and vicinity. If the coast is found too cool and 
damp, as it is at times during the months of March, April, and May. by 
going back from two to six miles from the ocean, numberless sheltered 
nooks can be found, among the foot-hills, in the caflons or on the moun- 
tain side, where the air is both warmer and dryer. 

"The middle of the 'warm belt 'is said to be somewhere between 
200 and 600 feet above sea level, in which the old Mission of Santa Bar- 
bara is situated, it being 300 feet above the ocean and two and one-half 
miles distant therefrom; yet it does not receive the full benefit that the 
altitude should give it, in consequence of a peculiar geographical north- 
west wind which occasionally visits certain exposed localities. But, by 
going from one to three miles farther from the coast, that wind is 
avoided. 

" At the summit station in the San Marcns Pass, on the stage road 
over the Santa Ynea Mountain, at an elevation of about 2,500 feet, the 
air is so dry during the summer season that invalids can camp out and 
sleep upon the ground. Dr. E. N. Wood, a gentleman of culture and 
experience, whose life tn a hopeless decline, pulmonary phthisis, was 
prolonged several years by a residence in this valley, spent a portion of 
the last year of his life camping out in that picturesque locality, with 
great satisfaction to himself. He frequently preferred taking his 
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blankets and sleeping in the open air jnat outBide the door of 
tent. 

" If a hot and very dry climate ia sought, the Ojui Valley will fur- 
nish the deaideratum. It is a baain inclosed with a rim of moantains. 
Nordhoff is the only village in the valley, and containa two hotels and 
several boarding-hoiiaea. Ia fifteen miles from the onoan and forty-five 
from this city by the present road, but will soon be brought within thirty 
miles by a road shortly to he opened. Attitude of Nordhoff, 900 feet. 
Prof. Bennett, of the University of Edinburgh, writing of plithisis pul- 
monalis, says: ' Much haa been written of climate, but the one which 
appears to be beat is that which will enable the patient to pass a few 
hours every day in the open air without exposure to cold or viciasitudei' 
of temperature on the one hand, or the extreme heat on the other,' of 
words to that effect. 

" I know of no geographical boundary of the same number of miles 
that ao fully complies with the above requirement as Santa Barbara, 
with her sheltered nooka and the Ojai Valley. As proof of what I have 
said, GO far as it pertains to this city, I give the following summary of a 
daily record kept for one year, by L. Bradley, Esq., of Aurora, 111,, who 
came here for a temporary residence ou account of advanced phthisis, he 
having had severe and frequent hemorrhages. ' During the year then 
were 310 pleasant days, in which an invalid could be out-of-doors five 
six hours each day with safety and comfort; 29 cloudy days, upon 20 dt 
which an invalid could be out-of-doors for a short time; 12 shower; 
days, upon 7 of which an invalid could be out an hour at a time several 
times each day; 10 windy and 6 rainy days, confining an invalid to the 
houae the entire day.' The time of observation extended from Fehmary 
1st, 1876, to February 1st, 1877. Since all Mr. Bradley's pecuniary 
interests are iu the Eastern States, the charge of ' interested in it.'made 
by the writer referred to, cannot apply to his statementa. Through the 
kindness of L. N. Dimmick, M.D., formerly of Ottawa, 111.— a phthisi- 
cal invalid nnable even here to pursue the active duties of his profession, 
but who has been for five years a most diligent and trustful observer and 
recorder of eventa that pertain to this place as a sanitarium — I am per-.- 
mitted to draw liberally upon the material furnished by his records and 
noto-hook. He says: 'The average temperature for three years has 
been, at 7 a.m., 58°, at 3 p.m. 69°, and at 9 P.M. 57°, showing that mid- 
day was 11° warmer than morning, 12' warmer than evening. The fol- 
lowing are the days in each year mentioned during which the tempera- 
ture fell below 43° above zero and rose above 83". 

1873 below 43" on 7 days, above 83° on 1 day. 

1874 " ■' '• B " " " ■' edaya. 

1875. 
1876. 
Average below 43°, 8J daye; average above 88°, 8J daya, 
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" The moan relative hnmidity for the year ending April let, 1877, was 
69.41," which compareB favorably with that of San Diego as given hy 
the above-mentioned correspondent at 72.4. Carrj-ing the comparison 
of the relative humidity beyond the Rocky Mountaiua, the showing is 
still more favorable for Santa Barbara: 

Mean Relative Humidity for Sanla Barbara, 6B.41 per cent. 
" " " ■■ Philadelphia, 80 per cent. 

" " " " New Orleans. 83.50 per cent. 

And taking a etill wider range for the difference in the mean tem- 
perature of the months of January and July, the comparison is no leas 
favorable. 

" Mean temperature of January and July: 

Jan. Jnlf. DlSerenos. 

Santa Barbara, Cal 53.33 68.20 14.95 

San Diego. Cal 53.55 70.32 .. ..18.77 

St. Augusliue, Fla .16.79 80.91 24.13 

jBckHonviLe, Fla 55.51 81.73 26.88 

Akin, Geo 47.05 79.91 8S.B6 

Galveston, Texas 51.55 B4.43 82.87 

Denver, Col 26S7 73.63 46.11 

Algiers 52 75. 93. 

Mentone 40 78 83. 

" Blodget'a Climatology has furnished part of my data, and the bal- 
ance is from sources no less trustworthy. By census of Santa Barbara 
County, taken from the records in the Court-house, in 1870, the popu- 
lation was 7,984, in which the number of deaths from consumption, 
plithisia pulmonalis, was only five, or one death by consumption in 
1,596 of a population. The number of deaths from all causes was sixty- 
three, BO that a little less than one-thirteenth of the mortality was from 
phthisis. The total mortality was one in 126 of the inhabitants of the 
county. This was before the tide of invalid immigration had fully set 
in, and gives a fairer showing as to the climatic effect upon phthisical 
patients than at a later day, when bo many come in the far-advanced 
stages of the disease, beyond the i-emeilial agency of climate or anything 
else. Bnt if there is hope, it is to be found in Santa Barbara or in 
the valley of the Ojai, on the plains of Anaheim, the hi.storic valley of 
San Oabriel, bo graphically described by the above-mentioned correspon- 
dent, as I can bear testimony from personal observation. 

" Santa Barbara is free from that extreme heat that so frequently in- 
creaaes the colliquative diarrhcea or disease of the bowels so often accom- 
panying phthisis; and fever and ague, or other indigenous malarious 
diseases are unknown. During what months of the year a sojourn here 
on the coast will be most beneficial to the invalid, phthisis, or whatever 
it may be, he must determine for himself — first upon tlie advice of those 
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who have made the subject^a study, and secondlv, bis own personal ex- 
perience; for what is boncficial to one may not be to another, although 
apparently in the same condition. But as a rule, the spring months, 
March, April, and May, are most variable, and have more anjileasant 
days than other portions of the year. At this season, many invalids seek 
the Ojai Valley, which furnishes a most pleasant and beneficial retreat 
for those afflicted with a sensitive condition of the mucous membrane of 
the air passages. A few remain in the valley during the summer, while 
others prefer to spend the year in Santa Barbara, enjoying the usually 
good hotel accommodations of this city. All seasons of the same months 
are not alike; but the past January and February (187.). as I found 
them in the city and vicinity of Santa Barbara, were most delightful, 
combining all the climatic advantages that any place could offer the 
nervously-depressed invalid, either from phthisis or any other cause." ' 

Of mineral springs on the Pacific Slope, beginning vrith Sitka, there 
are said to he warm sulphur springs or geysers, 96" to 104' Fahr,, 
about twenty miles from the City of Sitka, which were much frequented 
by the Bussians for the cure of syphilitic and rheumatic affections before 
this territory was ceded to the United States, but no analysis of the 
water has been published, by which the properties of the water may be 
verified. 

Wilhoit's Soda Springs, Calcamas County, Oregon, is an unusually 
valuable alkaline water. 

One pint contains (J. H. Veach, M.D.) : 

Solids. Grains. 

Carbonate of soda, ...... 10.9411 

Carbonate or magnesia, ..... I0.6K 

Carbonate of protoiide of iron, . , , . , 0,750 

Carbonate of lime, ...... 4.028 

Chloride of sodium, ...... 35.135 

Sulphate of soda, ...... 0.425 

8iilpha(« of magnesia, ..,.,, 0.810 

Iodine, ........ trace 

Total, . , S8,74» 

CarboDic acid gas, 43 cubic inches. 

The amount of carbonic acid they contain renders them very exhila- 
rating. They are mildly laxative and diuretic. 

The springs are salubriously situated, thirty miles northeast from 
Salem. 

Lower Soda Spring is situated in the Cascade Mountains, Linn 
County, They are said to resemble the Wilhoit, but no analysis has 
been made. 

■The SauitariaD, vol, v,, pp. 340-^ 
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Hot Springs, 184° Fahr., in Lane County, about one hundred milea 
from Springfield, on the Oregon and California Railroad, the nearest 
railroad station; and Warm Springs, in Oook County, on an Indian 
reservation of the same name, have been reported, but no analysis has 
been published. 

Des Cehules Hot Sprin/js, in Wasco County. One pint contains (143° 
and 145° Fahr., L. M. Dornbach and £. H. Horaford): 

Solids. OreinB. 

Carbonate of soda, ...... 4.313 

Chloride of potHsxium. ..... 0.3SO 

Chloriile of Budium, S.S53 

Chloride of raagneBium. ..... 0.1S3 

Sulphate of eoda, ....... 1.188 

Bulphnte of lime, ...... 0.838 

Silicate of soda, ....... 1.0S5 

Iron, ....... trace 

Total, ,..,.... 0.702 

Carbonic acid, 3.S2 cubic inches. 

California excels in the number of her mineral springs, of almost 
eTery variety, and some of them are of great value; yet comparatively 
few of the waters have been analyzed. 

California Selfztr Springs, in Mendocino County, twelve miles by 
stage from Lanel, on California and Northern Pacific Railroad, is an ex- 
cellent alkaline water, closely reeenibUng the imported water after which 
it is named. One pint contains (61' F., H. 0. Ranks): 

Solids. Grrtins. 

Carbonate of soda, ...... 7.5B8 

Carbonate of magnesia, ..... 11.118 

Carbonate of lime, ...... TOTS' 

Carbonate of iron 0.567 

Chloride of sodium, ...... 1.478 

Alumina, ....... O.OTS 

Silica, 0.7M 

2S.50S 



Vichif Springs, New Almaden, Santa Clara County, about sixty milea 
south from San Francisco, are also named with reference to the re- 
semblance of the water to the imported Vichy. One pint contains 
(Second Biennial Report of State Board of Health): 

SoLlDB. Grains. 

Carbonate of soda. ...... 17.440 

Carbonate of lime, ...... 2.876 

Chloride of sodium, ,..,., 4.900 



2J44 T^/f^^f^jLTzr^ Tzr,^ or 7 
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yl<fo/it^ Sr/nA/j*. :r. Lik* Co:;i.tt. fr'^21 Cilliaioz* ©r Lower Lake. 

« 

fioui^. Gflains. 
Ouirjffka:^ 'yf vyia. ...... 7.139 

fjmit0ja»Zib 'A mjijr»»a. ..... 13.37S 

Ca(Hx«.a:U^ of ir;&. ...... O.OW 

CguV/&aSA of iim*. ...... 3.5>S9 

Ch>^i4^ of iTidi im. ...... 0.514 

FoCMm •4.^14. ....... traces 

'S'wrvt ^niA^ ....... traces 

Siiica, ........ 0.903 

Or^uiic TD2XX^T. ....... 0.^51 



ToUl, ........ 34.927 

Cftrbmic acid. 3^.C0 cabic tncheB. 

OtngrtuM Spring, .Santa Clara County, on the San Jose branch of the 
Centra] Pacific Railroad, aboat forty miles soath from San FrancisoOy is 
a muriattd-alkaUn^ water. One pint contains (50' Fahr.): 

SoLliK. Grains. 

CarbonaUr of soda, ...... 13.41S 

Caitonateof iroo, ...... 1.758 

Carbonate of lime, ...... 3.161 

Chlori'le of sodiam, ...... 14 894 

Balphate of soda, ....... 1.517 

Silica, alumina, and trace of magnesia. 6.335 



Total, ........ 41.978 

Thifi water is extensively on the market in California, charged artifi- 
cially with carbonic acid, and rery agreeable. 

FrtfH Sofia Spring, Liskiyon County, near Oregon Railroad, is a 
chalybeate water, highly impregnated with carbonic acid, sparkling like 
soda water. Xo analysis. 

Napa Soda Springs, in Xapa County, by steamer from San Fran- 
cisco to Vallejo, thence by Valley Railroad to Napa City, and stage to 
the springs; alkaline chalybeate. One point contains (Langweert): 
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SouDS. Oraius. 
Carbonate of »oda, ...... 1.188 

Carbonate of magnesia, ..... 8.26S 

Carbonate of iron. ...... 0.980 

Carbonate of lime, ....,, 1.8S0 

Chloride ot eodium, ...... O.ffSO 

Sulphate of soda, ...... 0.230 

SiUcio HciJ, ..,,,.. 0.08.5 

Alumioa 0.075 

Loes. '. 0.310 

Total 8.083 

Highland Springs, Luke County, from San Francisco via Cloverdale 
or Caliettgo. Situated at an altitude of 1,740 above the level of the sea, 
and protected by the mountains from Bca-coaet winds. 



OMplDtoooUlm. 


Beltcer SprinK. 

w. B. auiig. 


Dutch. 


w.»^. 


Solids. 
Carbonate of soda 


Grains. 

1.109 
0.047 
2.584 
0.115 
trace 
4.349 
■TI.090 
0.655 
0.195 
trace 


Qrains. 

1.590 . 

0.073 ' 

5.010 

0.123 

trace 

4. 975 

0.207 

0.890 

0.014 

trace 


OnOns. 

1.887 






Carbonate of iron 


0.008 


























Total 


9.140 

Cabio in. 

26,5 


18.881 

Cubic in. 

38.1 






Cubic in. 







Borax Springs, in Lake County, by care from Vallejo to Calistoga, 

thence by etage to Lower Lake, and by private conveyance. One pint 
contains (J. A. Veatch): 

Solidb. Oraius. 

Carbonate of soda. ...... 6.071 

Carbonate of ammonia, . , . . . 8.013 

Chloride of sodium, ...... 10,577 

Iodide of maKneaium, ..... 0.01 1 

Biborate of Hoda, ....... 13.011 

Alumina, .,,.,.. 0.157 

Silicic acid, ....... l.(r^ 

Matters volatile at red heat, ..... 8.231 

Total, 48.100 

Carbonic acid. 0.60 cubic inches. 
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" These sabstances being calcalated as anhydrous ealts and borax, 
contaimog 47 per cent of water when crystallized, canee 12.911 grains in 
theabove enalysia to be equal to 24.417 of commercial borax. There are 
probably no springs in the world which contain so large a per cent of 
ammoniacal salts as these."' Borax Lake, which was di^overed hvDr. 
Veatch in 1859, is two miles sonth of the Springs. When filled up l^ 1 
tlie winter rains, it is over a mile long and nearly half a mile wide, and I 
the mud at the bottom contains 18 per cent of borax. , 

St. Helena White Sulphur Springs, in \apa County, twelve mile* I 
distant hy rail from Caliatoga Springs, are »aline-sufphur waters, with ( 
sufficient sulphate of soda to render them mildly aperient. 



Dm pint conlalni 


No. B 

SB fl> F*lir. 

Prof- Lo Couie. 


No. S 
ProLLeCoite. 


Pn>(. Le Coutfc 


SOUDS. 


Grains. 
0.077 
0.156 
2.715 
0.108 
0.145 
1.082 
0.331 


Grains. 

0.070 
0.301 
S.&.5S 
0.277 
0.107 
1,416 
0231 


QraiDfl. 
0.64S 


Carbonate of lime 


0695 






Chloride of cafcium 


0.097 


SuJpliideBof soda and c^ciom 


0.332 


Total 


4.S64 

Cubic in. 

0.7« 


5.857 

Cubic in. 

0.53 


4.1U 

Cutncia. 

trace 



Of thermal springs in California there is a large number, among thai 
most noted of which are the Santa Barbara Mot Sulphur Springs. Th^l 
are situated at the head of a deep caSon about five miles north of SantK 1 
Barbara, at an elevation of 1,400 feet above the level of the sea. There 1 
are seven springs, evidently containing different quantities of sulphur ' 
and sulphuretted hydrogen, though no reliable analysis is obtainable, 
adaptable to different purposes, drinking or bathing. The temperature 
is from 112° to 117°, and they have been found very efficacious in the 
treatment of some skin diseases, chronic rheumatism, and other diseases < 
amenable to sulphur waters. 

Caliatoga Hot Springs, in Napa County, from Vallejo direct by rail. 1 
There are about seventy springs, varying in temperature from 95° 
212° F., and distributed over an area of upwards of one hundred acres. J 
The waters are used almost exclusively for bathing and swimming I 
the appointments being elaborate. There are also moor or mineral n 
baths, similar to those of Marienbad and Franzensbad, in Bohemia. Thi 

I " The Natural Wealtli of California." 
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region round about is full of interest, and Calistoga the point of departure 
for many intereating places. The Petrified Forest is about five mile* 
distant to the aouthweat. 

Paso Roblea Hot Springs, San Luis Obis|)0 Connty, from San 
Francisco by rail to Soledad, one hundred and forty-three miles, thence 
by stage to the Springs. 





Prof, Tho*. Price. 


Prot. ThM. Price. 


80IJDS. 


Grains. 
3.864 

0.057 
2.830 
0.093 
0.818 
0.384 
0.087 
traces 

o.oaa 

046 
0,171 

8.073 
Cubic in. 

2.31 
Saturated. 


Grains. 




0.323 


Chloride of sodium 




10 047 








i.ae4 






Iodides and bromides 






0.116 










Gases. 


Cubic in. 













These springs are situated in a valley on the northern slope of the 
Santa Lucia Mountains, and are well appointed. There are over twenty 
sulphur baths, and atnud-bath for the thorough application of sulphur , 
baths to all the conditions desired. 

Arroto-head Hot Springs, San Bernardino, in the county of the 
same name, arc nine miles from Oolton, a station on the Southern Pa- 
cific Railroad, two thousand feet above the level of the sea, in the midst 
of magnifioent scenery. The temperature of the spring waters is from 
140° to 210° F, ; no analysis; and the surroundings unimproved. The sit- 
uation has remarkable natural advantages at all seasons, and if the 
springs are of value, it seems destined to be one of the most desirable re- 
aorts in the State. 

Skagg's Hat Springs, in Sonoma County, twenty miles by stage from 
Healiaburg, a station on San Francisco and Northern Pacific Railroad, 
are said to contain sulphur, iron, and boras; temperature 11%" to 140° 
Fahr. No analysis. "The caSon in which the hotel is located contains 
several trout streams affording excellent fishing," and other surround- 
ings are described as attractive. 

The Qeyser Spa Springs, in Sonoma County, are scarcely leas wonder- 
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fnl than those of Wyoming. They are reached from San Francisco by^^ 

ran to Cloverdftle, thence twelve miles by stage. They are sitaated in a 
caflon half a mile long, from one to two rods width at the bottom, and 
fourteen hundred feetiudepth. From the bottom of this the banks ascend 
at an angle of forty-five degrees, their aarface for the moat part being cot- ~ 
ered with a whitish residuum of extinct geysers — bleached by the suiL^M 
and rains of scores of summers and winters. But all along at wide in-.^l 
tervaU are jets of steam from springs still bubbling in hidden recesses. 
The water is said to contain alum, iron, sulphur, and Epsom salt*. It 
is of all temperatures, from 90" to steam heat. The only analysis ob- 
tainable is the following: 

One pint contains (F. W. Hatch, M.D., "Second Biennial Report! 
of California State Board of Health "): 

Solids, ' Grains. 

Carbonate of soda, ..,,,. S.OSS 

Carbonate ol magnesia, ..... 0.>34 

Carbonate of iron ...... 0.475 

Carbonate of lime, ...... O.STD 

Chloride of aodium ...... l.SiS 

Sulphate of soda, ...... 0.43S 

Silica, ........ 0.S76 

Loss, ........ OMO 

Total 5.7B2 

Harbines Springs, Lake County, twenty miles north of CalistogI 
and four miles west of Middletown, in a wild and picturesque caQon o' 
the Coast Range Mountains. 

This water is thermal, 118° to 130° Fahr., and said to be highIJ^ 
charged with sulphur, soda, iron, magnesia, the.sulphur predominat-" 
ing. No analysis, Useii chiefly tor bathing purposes, and of consider- 
able repute for such diseases as this class of waters is usually prescribed. 

Paraixo Springs, Monterey County, at an elevation of 1,400 feet 
above the level of the sea, at the head of a cafion in the Coast Banga j 
Mountains, in view of the Salinas plains below. Accessible via South*-! 
em Pacific Railroad to Solidad, one hundred and fifty miles, theno»l 
seven miles by stage. High mountains rise on three sides of the springB^.J 
while the plains below, traversed by the Salinas and Arroyo Seco RiTen^.l 
extend to the Gabilan Mountains beyond. The region is exceedingly I 
picturesque and healthy, and of growing repute as a resort for con- 
sumptives. The waters are ihennal, xad, said to resemble the famoBik| 
Carlsbad, of Germany. One pint contains (118° Fahr.): 
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C&rboDate of aoda, •■>•., O.OS 

Carbonate of lime, ...,.,. 0.17 

Chloride of potiiasium, ..... 0.0* 

Cliloride ot eodiuin, , .• , . . . 0.44 

Sulphate of soda, ...... 4.44 

Sulphate of lime, .,...', 0.54 

Magnesia, ....... trace 

Alumina and iron, ....... 0.20 

Silic*. 0.82 

Organic matter, ....... O.ts 

Total, ........ 7.33 

There is also a warm sulphur spring, 114° Fahr., said to contain a. 
large percentage of sulphate of soda, sulphate of lime, and carbonate 
of magnesia, with peroxide of iron and sulphate of potassa. No analy- 
sis. " Medicated " and mud baths are also provided, and iu popular 
use. 

Seigler Springs, in Lake Connty, accessible from San Francisco and 
Sacramento by boat to Vatlej'o, thence by rail to Calietoga, and thence 
by Btnge to Seigler Valley. Seigler Valley is a basin surrounded by pic- 
turesque mountains from 1,500 to 4,000 feet above the level of the sea, 
on one of which the springs are situated. The spring waters are of va 
rious temperatures, from icy coldness to boiling heat, and of " difEereut 
flavors and colors," but no analysis has been made. The region is salu- 
tary, but deficient in local improvements. 

Summit Soda Springs, Alpine Connty, accessible from San Fran- 
cisco via Central Pacific Railroad, two hundred and forty-three miles, 
to Summmit Station, thence to the Springs by private conveyance. Al- 
titude 7,000 feet above the level of the sea, surrounded by mountains 
from 12,000 to 15,000 feet altitude, and said to be an exceptionally desir- 
able resort for those to whom a rarefied air is desirable. 

One pint of the water contains {"Second Biennial Report California 
State Board of Health "): 

Solids. Grains. 

Carbonate of aod.i, ,...,. 1.187 

Carbonate of inagnesln, ...... 0.52S 

Carbonate ot lime, ...... 8.751 

Chloride of sodium, ...... 3.277 

Oxide of iron . 0.218 

PoUssa, ........ trace 

aiica 0.337 

Alumina, . . 0.218 

Total 8.488 

Carbonic act<l. 23.28 cubic inches. 




CHAPTER XIX. 
THE WEATHER.' 



JIONTHLT AKD ANNUAL UEAN PBESSL'BE, TEUPSBATUBE, HUVIDHT, 
PHECIPITATIOX, PHEVAILISO WIND3 AND 8TOBM3, AND ATMO- 
SPHERIC ELECTBICITY. 

It will be observed, in the series of charts, one (or each month, the 
range of the barometer is shown by continuous inobaric or barometrical 

lines, , and the course of storms by the termination of such 

lines in arrow-heads, and roman numerals; the temperature is shown by 

broken isothermal lines, — — ; the course of the winds by arrows; 

and the precipitation or rainfall by dotted lines and circJes, shaded, 
with numbers dedgnatingthedays of the month on which the rain-fall 
occurred. . 

The Charts he represented are the combined observations of the Signal 
Service for each month respectively; but for a full appreciation of the 
information they convey, they should be studied in conjunction with the 
tabulated statistics of their several parts for a scries of years, in Chapter 
XIV. 



I. MONTHLY WEATHER REVIEW. JULY. 1880. 

BABOMETHIC PBE8SURE. 

The general distribution of atmospheric pressure, as reduced to sea- 
level, for the month of July, 1880, over the United States and Canada is 
shown by iaobaric lines on the Chart. Atafew out-lying stations tliemeans 
are given in figures indicating English irichea. The pressure is found 
to preserve much the same general distribution that it had during June, 
the regions of highest barometer being over the Southern States and 
Northern Pacific region, while the lowest barometer means are to be 
found in the Red River of the Xorth and Sacramento valleys. 

Deparlvrea from the normal values for July, — The means for the 
present month, when compared with the average July means for the past 
years, show a remarkable uniformity. Along the immediate Atlantic 



I Abstract from Reports of Gen'l W. B. Eazen, Chief Signal Officer, U. S. 
Army 1881. 
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and Tesas ooaeta from Iowa to lower Michigan, and in tlm Rocky Moun* 
taina the pressure is slightly below the normal, the greatest deviations 
being 0.05 of an inch at Charleston, Chicago, and on the summit of 
Pike's Peak and 0.06 nt Wood's Holl; elsewhere the means are slightly 
above normal, the largest exceaaea being 0.04 inch at Cairo, Oiuciiinati, 
Detroit, and iVlbany, and 0.06 at Diiluth. 

Barometric ranges. — The local barometric ranges, aa reduced to 
level, have been exceedingly small over the entire country. They arS- 
least along the southern border and increase very slowly northwards. 

Areas of high barometer. — Eight areas of high barometer are de- 
scribed. None of them present any very interesting features. The 
maximum pressures, as reduced to sea-level, over the United States west 
of the Eocky Mountains, were 30,48 at Umatilla and il0..37 at Portland 
during the presence of high area No. IV., and, east of the Rocky Moun- 
tains, 30.30 at Denver during the presence of the same area, and 30.2& 
at Marquette during the presence of area No. VIII. The lowest tempe- 
ratures of the month, in general, accompanied areas Nos. V. and VIII. 

A reas of low barometer. — Twelve areas of low barometer are described, 
but apart from the local thunder and hail storms, by which some of them, 
were accompanieil, are devoid of any special interest. Although the 
pressnre along the Pacific coast during the early history of low areas Nos* 
III., rV., VI., a^nd XII., experienced decided decrease, it has not been 
possible to trace any of these areas back to the Pacific. With the excep-' 
tion of the centres of areas No. IX. and XI., both of which — the latl 
during the whole and the former during the early portion of its histoiy] 
— were very poorly defined, tlie tracks of all the centres lie to the nortS 
of the 35th parallel. No. IV. aa area No. X,, moved slowly eastward, 
with its centre to the south of Newfoundland, but on the 29tli it had 
apparently dissipated. Thence to the end of June, light winds and 
moderate pressures were reported. 

TEMPEBATDRE OF THE AIR. 

The mean temperature of the air for July, 1881, is shown by i 
therms. The temperature during July waa heloio the normal over t' 
whole of the United States, except along the Atlantic coast and at S 
Francisco. For the normal temperatures, refer to tables. Chapter XIV* 1 
This, in connection with the average liigh mean temperatures i 
for the majority of districts east of the Rocky Mountains since th^ 
month of October, 1878, is very interesting. 

PRECIPITATION. 

The general distribution of rain-fall, for July, 1880, is shown on 1 
chart as accurately as possible, from about 500 reports. The table on. J 
this chart shows the average precipitation for the several districts ( 
pared with the normal values. The rain-fall has been above the i 
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mal along the GuU and Atlantic coast, in the St. Lawrence Valley and 
Upper Lake region, about normal over the Lower Lakes and Lower Mis- 
souri Talley, and below normal elsewhere. The characteristic features of 
the rains during the month have been (1) their local nature, (3) their 
short duration, and (3) their copiousness. Thus, in Kansas and Mie- 
souri, while heavy raina fell during the first few days of the mouth, 
during the latter part of the month both States suffered from drought. 
In the paragraph on specially heavy rains, some remarkable records will 
be found, among which may be noted a heavy rain-fall of 1^ inches in 
8 minutes at Paterson, N. J. 

Ram)/ days. — The nujnber of days on which rain or anow has fallen 
varies as follows: New England, 11 to 19; Middle Atlantic States, 11 to 
18; South Atlantic States, 9 to 19; Eastern Gulf States, 11 to 21; West- 
ern Gulf States, 7 to 14; Ohio Valley and Tennessee, C to IC; Lower 
Lake region, 10 to 19; Upper Lake region, 13 to 21; Upper Mississippi 
Valley, 8 to 14; Lower Missouri Valley. 9 to 12; Eed River of the North 
Valley, 8 to 11; Eastern Rocky Mountain slope. 7 to 11; Texas, 4 to 16, 
Bocky Mountaius, 7 to 24; Middle Plateau, to 4; California, to 2; 
Oregon, 3 to 9. 

Clovdy days. — The number varies in New England from 9 to 14; 
Middle Atlantic States, 5 to 12; South Atlantic States, 5 to 16; Eastern 
Gulf States, 3 to 12; Western Gulf States, 2 to 10; Ohia Valley and 
Tennessee, 3 to 10; Lower Lake region, 3 to 8; UppeP Lake region, 1 
to 9; Upper Mississippi Valley, 2 to 8; Lower Missouri Valley, 2 to 5; 
Rod River of the North Valley, 2 to 3; Eastern Rocky Mountain slope, 
3 to 9; Texas, 3 to IG; Rocky Mountains, 3 to 10; Mid.dlQ Plateau, 1 
to 4; California, to 3. 

Haii. — Hail fell frequently throughout the month. At Big Creek, 
Mo., let; Wright Co., Mo., 1st; Springfield, 111., 1st; Dongola, Union 
Co., ni., Ist; Harri?onville, Mo., 2d; Cheyenne, 3d; Statesville, N. C, 
14th; Wellsboro and Potter Co., Pa., 16th; Massahcssic, N. H., 16th; 
Manchester, N. n., ICth; Genoa, Neb., 17th; Rochester, N. Y., I8th. 
Great damage was caused to crops near Spenceport, Lewiston, and Gaa- 
port; Trenton, N. J., 20th; Medina, Mich., 23d; Norwalk, 0., 23d; 
Wanpaca, Wis., 26th; Stephen's Point, Wis.. 26th; Buzzard's Bay, 
Monument Beach, and Agawam, Mass., 29th; Fort Adams, R. L, 39th. 

Snow fell on the summit of Pike's Peak, 9th, 10th, 13th to ITth, 
19th, 20th, 21at, i3d to 36th, 28th. On the summit of Mount Wash- 
ington, 29th, 

Droughts. — New York: Watorhurg, 1st to 10th, drought severe. 
Massachusetts: Westboro, 1st to 12th, great need of rain. Illinois: Au- 
gusta, 20th to 30th, very dry. Kansas: Wellington, 2lBt to 31st; all 
vegetation suffering. Georgia: Gainesville, 3 Ist, crops suffering severely; 
Missouri: Louisiana, 3lBt, cisterns generally empty and creeks dried up; 
Glasgow, Slat, many springs stopped running. The Missouri weather 
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service reports drought very severe Iq the north, northeast, 
Bectiona of the State, vegetation damaged. 

RELATITB HTJSaDITT. 

The percentage of mean relative hmniditj for the month ranges as 
follows: New England, from 62 to 87; Middle Atlantic States, 59 to 88; 
South Atlantic States, 63 to 80; Eastern Gulf States, 65 to 73; Western 
Gulf States, 64 to 76; Ohio Valley and Tennessee, 60 to 78; Lower Lake 
region, 61 to 71; Upper Lake region, 67 to 77; Upper Mississippi Val- 
ley, 61 to G9; Missouri Valley. 59 to 62; Red River of the North Valley, 
69 to 73; Eastern Rocky Mountain slope, 54 to 73, Texas, 62 to 77; 
Middle Plateau, 17 to 33, California, 31 to 82; Oregon, 57 to 69; High 
«^a/ions report the following averages not corrected for altitude: Pike'a 
Peak, 71; Mount Waflhington, 82; Virginia City, 37; Denver, 47, andj 
Santa F6, 40. '■ 



The prevailing directions of the wind during July, 1880, ia shown by 
arrows, flying with the wind, on the chart. To the east of the Eoeky 
Mountains the predominating winds have been southerly, with an east- 
erly trend over Texas, and a westerly one from the Eastern Gulf and 
Atlantic coasts to the Lake region. At the Rocky Mountain stations, 
over the Middle and Northern Plateau districts and North Pacific 
region, the directions are northwesterly. On the summit of Mount 
Washington, N. H,, the direction ia N.W,, and the continuous record 
of the wind velocity shows a total monthly movement of 17,943 miles; 
the maximum hoorly velocity during the month was N.W., 72 miles on 
the 10th. The same data for the summit of Pike's Peak is S.W., 8,493 
miloa, and S.W., 44 miles on the 10th. Maximum velocities exceeding 
50 miles per hour were recorded at Umatilla (S.W., 62, on the 18th); 
North Platte (N.W., 80, on the 3d); and Chincoteague {S.W., 53, on 
the lat). 

Local storms. — Jacksonburg, Ohio, 2d, 4 p.m., small tornado passed 
two miles south of village, in a direction from S.W. to N.E.; width of 
track about CO rods. " There were two inverted cones of vapor, one 
reaching from the clouds nearly to the earth, and then joining the apex 
of the lower one, extending upward from the ground. During its pas- 
sage it was accompanied by a noise similar to the violent escape of steam. 
Sheaves of vheat and many other objects were drawn upwards and 
quickly lost sight of. The ground over which the storm passed appeared 
as if drenched by a flood." Cairo, 111,. 2d, 1,35 p.u, very heavy wind- 
storm, lasting about 15 minutes, unroofing buildings and blowing down 
fences and trees. Chattanooga, Tenn., 2d, severe wiud-storm, blowing 
down trees and fences. 3d, 6.25 to 6.47 p.u,, severe N.W. ston 




during which the wind reached a. velocity of 60 miles per hour for a, 
period of 5 minuteB, and averaged 48 miles for 15 minutes, unrooting- 
buildings and uprooting trees; damage tl,500. Exports from Walker 
and Catoosa Counties, in northern Georgia, show exceedingly violent 
storms on this date, and great loss to agricultural interests. Colnmbiar 
S. C, 5th, violent tornado, unroofing buildings, nprooting trees, and 
destroying crops and fences. Clear Creek, Neb., 7tli, 4.30 p.m., violent 
tornado approached from the southwest, passing about 3 miles north of 
station; 15 to 20 buildings were destroyed and great damage caused to 
crops. A large quantity of water was reported to have been taken out 
of the Platte Kiver as the storm crossed it. Hanover, N. H., 16th, 
afternoon, severo tornado passed over southeastern part of village; 
"many buildings unroofed, several literally torn to pieces; trees all 
along the course of the storm were torn up by the roots, and large 
branches were twisted off and carried long distances. Course, S.W. to 
N.E., and path of destruction about 2 miles long and 200 rods wide." 
Portsmouth, N. C, 28th, 5.30 p.m., whirlwind struck the beach on south 
aide of inlet, forming dense pillar of sand with rotary motion from right 
to left, and moving from S.E. to N.W., a distance of 3 miles. It then 
suddenly receded southeastward to the sea, where tt disappeared. 
Diameter of whirl, 30 yards, 

The observer at Yreka, Cal., reports the following heavy local storms 
near that place: July 5th, from 3.30 to 7 p.m., a violent storm passed from 
S. to N., about 4 miles wide, deluging the country with water; it then 
seemed to turn and pass to the S., and when about 4 miles east of this 
place, the precipitation was so great that the water seemed to roll along, 
through otherwise dry and nearly level gulches, to the d.epth of 4 or & 
feet, washing everything before it. The storm seemed to extend about 
10 miles in length. Shasta Kiver rose 2 feet in a few minutes. July 
16th, heavy storm 15 miles northeast of this place; "cloud-burst," 
moving rocks weighing over 1,000 pounds; and on 17th, another heavy 
fall of water in the same place. 

On the 18th, a severe tliunder-storm passed eastward from ny1;h- 
eastern Oregon into Idaho, during the progress of which a destructive 
" cloud-burst " occurred on West Butter (or Bitter) Creek, near Pen- 
dleton, which tt-ill he found noted under Floods, The observers at the 
surrounding Signal Service stations report as follows: Umatilla, Oregon, 
"sand-storm set in from the southwest at 3.60 p.h., and for 15 minutes 
the wind velocity reached 53 miles per hour; rain fell from 3.58 to 4.35 
P.M., and several flafihes of lightning were observed." Dayton, Wash., 
light rain from 3.30 to 5 p.m., "a heavy thunder-storm passed over the 
mountains about 15 miles south of station at 5 p.m." Pomeroy, Waah., 
"sudden heavy wind from 5,30 to 6 p.m." Boise City, Idaho, "light 
rain from 4.10 to 4.16 p.m., accompanied by zigzag lightning and loud 
thunder." 
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Waterspouts. — Key West, 12th, at 6 p.m. a waterepoat formed to t] 
southeast of etation, in connection with a very heavy thunder-storm thrai 

prevaih'ng. Kittyhuwk, N, C, 18th, at 8.30 a.m. a waterspout formeii 
over Albemarle Sound, 4 miles from station. It romained stationary uutil 
8,55 A. SI., and no rotary mDtion could be diacemed. During this time, 
two smaller ones partly formed near to the main one, reaching nearly t»i 
the clouds, and, after swaying backwards and forwards for a short tim^. 
finally disappeared. Portsmouth, N. C, 28th, at 5.15 p.m. three watep»j 
spouts formed in Ocraeoke Inlet, making a complete column of spr^! 
extending from sea to clond, and moving slowly from S.W. to N.E.. 
New Bedford, Mass., 29th, 5 p.m., a waterspout formed in the covs 
between Sconticut Neck and Mattapoisott Neck. It was at first very 
regular and straight, and connected with the western edge of a cloud, 
which was the scene of a thunder-shower of moderate extent and force. 
Diameter 30 to 40 feet, and altitude about 3,000 feet, composed of spray, 
which strongly contrasted with the dark cloud. It moved slowly to the' 
southeast, and the portion midway from clom^ to bay advanced faster 
tlian either the bottom or top, causing the column to bend forward and 
to drag the lower portion. It disappeared in about 30 minutes, heing 
apparently drawn upward into the cloods. 

Sand-storms. — Visalia, Cal., 25th. Burkes, Arizona, 7th, leth, 
15th, 17th, 24th. 

ATM09PHEEIC EI.ECTEICITY. 

Thnnder-storms were reported in the following States from one or I 
more stations on almost every day in the month: New York, New Jer* I 
sey, Pennsylvania, Virginia, Nortli Carolina, Georgia, Florida, Loai- I 
fiiana, Texas, Ohio, Michigan, Indiana, IlUnois, Iowa, Wisconsin, N»- I 
hraska, Kansas, Colorado, and Washington Territory, In the following ' 
States they were reported on the dates indicated: Maine: 3d, 7th, 16th, 
20th, 2eth to 29th. Nvw Hampshire: 15tb, 22d, 26th to 28th. Ver- 
mont: Ist, 2d, 3d, 6th, 9th, 10th, 16th, 18th, 20th, 26th to 29th. 
Mas^chusetts: 6th, 9th, 10th, 15th, 16th, 20th, 26th, 89th, and 30th. 
Connecticut; 2d, 3d, 6th, 9th, 10th, 11th, 17th, 30th, 26th, and 37th. 
West Virginia: 5th, 10th, 19th, and 26th. South Carolina: 5th, 12th, 
and 17th, Al^ibama: 4th, 14th, and 16th. Mississippi: 7th, 8th, 10th 
to 16th. Tennessee: 2d to 3th, 8th, 10th, 12th, 15th, 19th, and 37th. 
Kentucky: Ist to 6th, 9th, 10th, 14th, and 15th. Arkansas: 3d, 9th, 
and 15th. Indian Territory: 3d, 4th, 18th, Iflth, 20th, and 3l8t, 
Minnesota: 2d, 7th, 8th to 13th, 16th, 24th, 28th, and 31st. Dakota: \ 
Ist to 10th, 18th, 20th to 26th. Montana: 1st, 4th, 6th, 10th, 11th, 
16th, 25th, 26th. and 37th. New Mexico: 6th, 15th, and 16th. Utah- 
22d, 27th, and 28th. Nevada: 17th. Idaho: 6th, 18th, and : 
Oregon: 5th and 18th. 

Auroras. — Auroral displays were observed north of the 40th ] 



I 




from Maine to Montana, on tbe 1st, 5th, 6th, llth, 13th, 13th, 14th, 
15th, 16th, 17th, 18th, 19tb, 26th, SSth, 39th, and 3l8t. 



EFFICIENCY OP LIOHTSINO CONDrCTORS. 

"Direct evidence as to the efficiency of lightning conductors is 
afforded in a government report from Schleawig-Holstein, which is 
referred to in a recent work on the subject by Mr. Richard Anderson. 
ThundGr-storma are said to be more numerous in Sc hies wig-Hol stein 
than in any other part of Central or Northern Europe, and the danger 
from lightning is correspondingly increased. The attention of the gov- 
ernment insurance office was called to the fact, that in 4 out of 552 cases 
of claims on account of damage from lightning, arising in eight years, 
conductors of approved design had been in use, and an exjiert. Dr. 
Holtz, of Greifswald, was appointed to inquire into tbe causes of failure. 
He found that in every case where a building provided with a conductor 
had been stnick by lightning, the conductor was not in an efficient 
state. Sometimes the point of the rod was needlessly ornamented with 
gilding, while the underground connection with the earth, the very 
element of safety, was neglected. In the absence of a proper ground 
connection, the lightning-rod, instead of being a protection, may prove 
the means of attracting tbe discharge into the building. A measure for 
the periodical testing of conductors is suggested, for the detection of 
defective constructions, interruptions of conductivity by rusting or dis- 
placement, or of other faults that may arise from time to time." ' 
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THE WEATOEE. 



2. MONTHLY WEATHER REVIEW, AUGUST, 



BAEOMETKIC PRESSURE. 



The general diatribution of the atmospheric pressure, aa redaced to 
aea-level, for the month of August, 1880, over the United States and 
Canada is shown by barometrical lines on the Chart. The region 
of highest prcsatiro is on the Atlantic coast, and farther northward 
than usual, covering the coast from New Jersey to North Carolina in- 
Gtoad of being confined to the South Atlantic States. The region of 
lowest pressures extends from Manitoba to Soutliem Texas. On the 
Pacific coast, the highest pressure is, as usual, in Oregon, while the lowest 
means are reported from the interior valleys. 

Departures from the normal values far Augunt. — The barometric 
means for August, 1880, when compared with the average for the past 
eight years, show marked and unusual departures. Over New England, 
the Middle Atlantic States, and the Lake region (except the southern 
half of Lake Michigan) the pressures range from ,04 inch to .01 inch 
above tho normal, being .07 above at Marquette, ,09 at Albany, and .10 
at Burlington. The Gulf States, the Upper Mississippi Valley, and the 
greater part of the Rocky Mountain region reported means slightly below 
the normal, the greatest deficiency being reported from Punta Basaa, .07 
below the normal. 

Barometric ranges. — The local barometric ranges, reduced to sea- 
level, have been very unusnal and irregular, especially in those parts of 
the Gulf Statea over which the cyclones of August 12th and 39th pasaed, 
where the following ranges were reported: Punta Rassa, 0.65; lodianola 
and Gaiveaton. 0,45; Cedar Keys, 0.80; Pensacolu, 0.81; Mobile, 0.84; 
Laredo, 1.09; Brownsville, 1.79. Eanges eseeeding 0.90 are reported 
from the Red River of the North Valley, from Burlington, Vt., and 
North Platte, Nebr, The smallest ranges in the country were: Santa 
F6, 0.34; Campo, 0.32; and Key West, 0.33. 

Areas of high barometer. — During the month of Angust, 1880, 
eight areas of high pressure prevailed within the limits of the Signal Ser- 
vice stations. Noa. II. and VIII. were slight encroachments of the area 
of high barometer from the Pacific ocean. The remaining areas were 
the usual outflows of cold air moving southeastward from the Saskatche- 
wan region. Area No. III. was marked by the first frosts east of the 
Misaissippi River. 

Areas of low barometer, — During the month, sixteen areas of low 
pressure have occurred within the limits of the Signal Service stations. 
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only ten of whicli have been aufficiently definite to permit of charting. 
No storm haa been charted entirely across the country. The marked 
meteorological feature of the month has been tlie advent of three violent 
cyclonic storms —a most unusual number. No. V. devastated the Texas 
coast, at the mouth of the Rio Grande Kiver, during the 12th and I3th. 
In its passage over the Gulf of Mexico, the steamer San Salvador, long 
overdue, was probably lost. No. X., during the 18th, paascd over Ja- 
maica, where it caused the loss of several lives, and did immense damage 
to shipping, buildings, crops, and other property. No. XVI., the 
cyclone in which the steamer City of Vera Cruz was lost, moving east- 
ward to the north of the Bahamas on the 28th, crossed northern Florida 
during the 30th and 30th. This storm strewed the Florida coast with 
wrecks, and did great damafje to property and growing crops. As far as 
lias been noted, the loss of life was confined to the crew and passengon, . 
of the steamer City of Vera Cruz. H 



TEUPEEATURB OF THE AIE. 

The mean temperatures for August, 1880, are shown by isotherms on 
the Chart. The average temperatures show a deficiency of temperature 
for the entire country, except Tennessee, the Ohio, Upper Mississippi, 
and Lower Missouri Valleys, from which sections slight excesses, not 
exceeding 1°, were reported. Deficiencies exceeding 1° are as follows: 
Pacific coast, about 2°; Plateau districts, from 2' to 3°; Saint Lawrence 
Valley, 2°; Upper Missouri Valley, 4"; and Rio Grande Valley, C. 

Frost. — CaUforiiia: Lompoc, 18th; Campo, 30th and Slst, injuring 
vegetables. Colorado: Hermosa, 30t1i and Slst; Summit, frequent: 
Pike's Peak, 2d, ?th, and frequent after IGth. Connecticut : New Lon- 
don, 16th, light in low lands" near. Ida/to : Boise City, 25th and 26th, 
in low places. Maine: Bangor, 35th and 26th; Portland, 27th, in sub- 
urbs of city. Masaachuietts : Rowe, 16th, Springfield, 16th and 29th; 
Westborough, 16th and 27th; Boston, 16th, light in suburbs. Michigan: 
Thomville, 3d, on low grounds. New Hampshire : Auburn and Contoo- 
cookville, 16th, on low grounds; Grafton, 12th and 26th; 16th. damag- 
ing corn in low places, " frost very general throughout State"; Mount 
Washington, 5th, 6th, 15th, frost feathers 3 to 6 inches long in exposed 
places; 10th to 23d. New Jersey : Freehold, 16th, 5 miles S.E, of sta- 
tion; Linden, 18th, New York : Ardenia, North Volney, and near Penn 
Yan, 16th, Palerno, 16th, light; Cooperstown, Port Jervis, and Nile, 
16th, and 17th, injuring com, buckwheat, and potatoes at latter place; 
Buffalo, 16th, on low grounds; Albany, 16th, on mountains near, damag- 
ing vegetables. Nevada: Carson City, 11th, 36th, 30th and 31st; 
Winnemucca, 31st. 
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PRECIPITATION. 



The general distribution of rainfall for August, 1880, is ahown on 
the Chart, eu accurately as possible from about 600 reports. Departures 
exceeding one inch from the normal precipitation are aa follows: Missouri 
Valley about 1.20 excess; Lower Lake region, 1.70 excess; Florida pen- 
insula, 4.03 excess; the Gulf States about 1.25 deficiency; Saint Law- 
rence Valley about 1.25 deficiency. In Oregon and the southern part of 
California slight deficiencies are reported, while in Northern and Central 
California no rain has fallen. The great excess in the Florida peninsula 
resulted from the cyclone of August 39th; most unusual number of heavy 
rains occurred during the month. 

Rainy days. — Tho number of days on which rain or snow has fallen 
varies as follows: New England, 9 to 17; Middle Atlantic States, 9 to 
16; South Atlantic States, 10 to 19; Eastern Gulf States, 12 to 15; 
Western Gulf States, 5 to 18; Ohio Valley and Tennessee, 7 to 30; Lower 
Lake region, 11 to 17; Upper Lake region, 12 to 16; Upper Mississippi 
Valley, 7 to 14; Missouri Valley, 9 to 13; Red River of the North Valley, 
8 to 15; Texas, 1 to 16; Bocky Mountains, 7 to 22; Middle Plateau, 1 to 
4; California, to 2; Oregon, 4 to 6. 

Cloudy days, — The number varies in New England from 2 to 11; 
Middle Atlantic States, 7 to 19; South Atlantic States, i to 18; Eastern 
Gulf States, 4 to 11; Western Gulf States, 2 to 9; Ohio Valley and Ten- 
nessee, 4 to 11; Lower Lake region; 6 to 13; Upper Lake region, 6 to 13; 
Upper Mississippi Valley, 1 to 10; Miaaouri Valley, 7 to 9; Red River of 
the North Valley, 8 to 9; Texas, 2 to 10; Rocky Mountains, 2 to 8; 
Middle Plateau, to 4; California, to fi; Oregon, 1 to 9. 

Hail.^Arizona : Camp Verde, 6th. Colorado: Summit, 3d, 8th, 
10th, 12th, 15th; Pike's Peak, Ist to 3d, 7th to 8th, 14th, and 25th to 
28th. Indiana: New Corydon, 17th; Logansport, Sd, Jowa: Gutten- 
burg, 16th. Maine : Bangor, 10th. Michigan : Coldwater, 17th; 
Lansing, 18th. Minnesota; Duluth, 13th. Nebraska: De Soto, 97th 
and Slst. New Hampshire: Mount Washington, 12th. New Jemcy : 
Sonth Orange, 11th; Sommerville, 25th, one-third of an inch in diame- 
ter. North Carolina: Highlands, 17th. Ohio: Bethel, JackHonbnrg, 
and Norwalk, 11th. Pennsylvania: Hnlmeville, 25th. Wyoming: 
Cheyenne, 26. 

Snow. — Colorado : Summit, lat to 3d, one inch. Nevada : Winne- 
mncca, 29th, on neighboring mountains. Utali : Salt Lake City, in the 
mountains near, on the 30th. Washington Territory: Pomeroy, 29th, 
on hill near to^tni. 

Droughts. — Waveland, Ind., to August 23d, very severe. Creswell, 
Kans., severe to 18th. Auburn, N. H., 31st, severe, "vegetation sufTer- 
ing badly, streams drying up." Winnemucca, Nev., 17th, the "Sink*' 
of the Humboldt completely dry; said to be the first time within the 
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memory of man. Dea Moines, 15th, "crops suflerings," WeJlington, 
Kans., 27th. Carrollton, III., and Independence, Mo., to August 20th, 
corn and other cropa aeverely damaged. 'J'he MiBsouri weather review 
states that the entire State auStirGd from drought till the 30th, 



BELATITE UCMIDITY. ^H 

The percentage of mean relative humidity for the month ranges as 
follows: New England, from G3 to 83; Middle Atlantic States, C3 to 89; 
South Atlantic States, 71 to 82; Eastern Gulf States, C9 to 78; Western 
Gulf States, 61 to 79; Ohio Valley and Tennessee, 63 to 78; Lower Lake 
region, 65 to 77; Upper Lake region, 71 to 78; Upper Mississippi Valley, 
60 to 70; Missouri Valley, 60 to 65; Bed River of the North Valley, 73 
to 7G; Texas, 60 to 79; Middle Plateau, 16 to 25; California, 32 to 82; 
Oregon, 44 to 69. High stations report the following averages not cor- 
rected for altitude: Pike's Peak, 73.0; Mount Washington, 80.3; Vir- 
ginia City, 36.9; Denver, i7.2; Santa F&, 49.2. h 



The prevailing directions of the wind during August, 1880, are shown 
by arrows, fiying with the wind on the Chart. From the Mississippi 
Valley westward to the Pacific Ocean the predominating winds have been 
southerly, except in the northern half of the Pacific coast region, where 
they were northerly. In New England, the Lower Laka region, the 
Middle Atlantic States, and the Ohio Valley, they have been south-west- 
erly, except at a few scattered stations. In the South Atlantic States 
and Tennessee they were variable, with the easterly points predominating. 
At most stations in the Upper Lake region the prevailing winds were 
northerly. On Mount Washington the prevailing wind was N.W. and 
the raa-ximum velocity N.W. 60, on the i!d; maximum velocities of 50 
miles or more occurred as follows: 10th, 20th, 23d, 25th, 28th, and 29tb, 
N.W. 50; 24th, W. 52. On Pike'a Peak the total movement was 8,445, 
prevailing direction S.W., maximum velocity 64 S. W. Maximum veloci- 
ties exceeding 50 miles wore reported as follows: Indianola, fi4N.E. 13th; 
Cedar Keys, 64 N.E. on the 30th; Yankton, 56 S.W. on the IGth and 
Kittyhaw'k on the 12th; Punta Rassa, 56 S.W. on the 29th, and 56 (72 
miles for 5 minutes) S. on the 30th; Brownsville, Tex., 48 miles on the 
12th, when anemometer was blown down; exact maximum unknown. 

Loval storms. — West Randolph, Vt., on the 13th, violent hail-storm, 
with wind and heavy rain, width of path, IJ miles; stones as large as 
butternuts; over 2,000 panes of glass destroyed. Versailles, Ohio, on 
the 12th, very destructive hail-storm, seriously injuring tobacco and 
other crops. 18th, violent tornado, 14 miles S.W. of Fargo, Dak.; track 
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two milea wide, estending acroBs the Eouthern part of Casa County; one 
man killed, three severely iujared, muny houses blown down. August 
24th, violent local storm one mile wide and seveu miles long, swept over 
Oreut Neck, Little Neck, and Creedmoor, Long Island, damaging many 
buildings and injuring crops. In addition to tho damage done by the 
cyclone at and near Brownsville, l^th and 13th, the following are re- 
ported: San Diego, Tex., many biiildioga unroofed; at Collins and Ban- 
quette, railway bridges damaged; Goliad, Tex., great damage to build- 
ingB. Fort Mojave, Ariz., '42d, most violent storm, barracks blown 
down, four men killed and five wounded. 

Wahr-spouis. — Near Hat Creek, Wyo., on the 29th, 2 p.m., moved 
from N. to S, for ten minutes in a zigzag course. Red CaQon, Dak., 
during night of USth, destroying telegraph line for eleven miles. 

Sand-siorms. — Tucson, Ariz., 3d; Florence, Ariz., 9tli; Winnemuoca, 
Nev., 4th, 10th, 23d, ^Sth. 



ATMOSPHEBIC ELECTRICITY. 

Thunder-storms have been reported in too great numbers to permit 
their enumeration iu detail. They have occurred with greatest fre- 
quency aa follows: Georgia : 23d to 35th. Illinois : on 23d, 27th, and 
3l8t. Indiana: 2d, 10th, 20th. 28th to 30th. Iowa: let, lOth, ITth, 
19tb, 23d, 26th, and 37th. Kansas: Ist, 2d. 4th, 30th, 21th, 25th, 
27th to Slat. Louisiana: 8th and 13th. Maine: 2l8t. Maryland: 
26th and 20th. Massachusetts : 12th, 21at, 25th, and 2Dth. Michigan :■ 
lat, 9th, lOth, 24th, and 27th. Aw Tork: 2d, lOth, 24th, 85th. 27tli, 
to 2fitb. Mrih Carolina: 11th and I3th. Ohio: 3d, 10th, 11th, 14tli, 
17th, 19th, 30th, 35th, 39th to Slat. New Jersey : 3d, 11th, 12th, 24th, 
25th, 28th, and Slst. Nebraska : 16th, 23d, 24th, and 26th. Missouri: 
1st, 16th, and 3l6t. Texas : 16th and 17th. Pennsylvania : 2d, 11th, 
19th, 24th, 25th. 28th, and 29th. Tennessee: 21st, 23d, and 37th. 

Vermont: 2d, 9th, 30th, 24th, and 28th. Virginia: 3d and 10th. 

West Virginia: 28th and 29th. Wisconsin: 1st, 26th, 27th, and 31at. 
On the Pacific coast, a thunder-atorm occurred at San Diego, violent, on 
the 17th, at Portland, Oreg., 17th, and near Dayton on the 2d; light- 
ning was obser^'ed at Red Bluff, Cal., on the 28th. 

Auroras. — Auroras during August, 1880, have been frequent, and 
during the 12th and 13th were of remarkable brilliancy, as well as wide- 
ii}iread. 
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8. MONTHLY WEATHER REVIEW, SEPTEMBER, 1880. 



BAROMETEIC PRESSURE. 

The general diatribution of the attnospheric preasnre, as redticed to 
sea level, for the month of September, 1880, over the United States and 
Canada is shown by isobaric lines on the Chart. At a few out-lying Btations 
the meana are given in figures indicating English inches. The regions 
of highest presaures, aa usual, include the South Atlantic States and 
the North Pacific coast region. The regions of lowest pressures are the 
valleys of the Red River of the North and of California. 

Departures from normal values for September. — The barometric 
means for September, 1880, when compared with the average for past 
years, show but slight and unimportant departures. The New England 
coast reports slight deficiencies, amounting at Boston and Portland to 
0.05 inch. In the northwest, Saint Vincent — where the pressure was 
0.11 below — is the only station reporting any great departure from the 
normal. In the South Atlantic States the following excesses are re- 
ported: Savannah and Jacksonville 0.05, and Augusta 0.07, above the 
normal. 

Barometric ranges. — The local barometric ranges, reduced to sea- 
level, have been quite irregular but not excessive. The ranges along the 
Gulf coast have been from 0.20 at Key West to 0.47 at Mobile and New 
Orleans. In the Atlantic States the range steadily increased northward 
from 0.41 at Jacksonville to Central New England, where the following 
ranges occurred : Boston, 0.64, Springfield, 0.86; anc^ Albany, 0.87. In 
the Upper Lake region the ranges were from 0.65 at Detroit to 0.86 at 
Marquette. In the Northwest the ranges were decidedly irregular, 
being 0.78at Bismarck, 0.88 at Brockenridge, and 0.84 {the largest in the- 
country) at Saint Vincent, On the Pacific coast the following ranges 
were reported : 0.24 at San Diego, 0.29 at Sau Francisco, and 0.55 at 
Portland. 

Areas of high harometer, — During September, 1880, six areas of high 
pressure prevailed. No. I. was a storm of marked severity in the Lake 
region, where, during its prevalence, a number of disasters to shipping 
occurred. No. II. ia part;icularly noticeable as having originated on the 
Pacific coast, and as having moved eastward across the Rocky Moun- 
tains. The only extensive and damaging frosts occurretl in connection 
with area No. VI., during September 30th and October 1st. 

No. VI. — On the 28th, the barometer rose in the Upjrer Missouri 
Valley; Fort Buford barometer at midnight 0.31 above the normal. 
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Moving southeastward on the afternoon of the 29th, the ridge of highest 
pressure extended from Texas northward to the Red Eiver of the North 
Valley. On the morning of the 30th, the area covered the Lower Missis- 
Bippi Valley. At midnight, the area of liighofit pressure was over the 
Middle Atlantic States ; Baitimore and Cape Henry barometers 0,25 
above the normal. The passage of this area was marked by the mini- 
mum temperatures for the month for the entire country east of the Mis- 
flisaippi Eiver, excepting New England and North Carolina. 

Areas of low presiture.^Thirteea such areas pertaining to the month 
«f September, 1880, are described, and the course of eleven centres are 
shown on the Cliart. The tracks of areas VI. and VII. could not be 
indicated with sufficient accuracy and are omitted. Only one area. No, 
IX., originating over the Pacific Ocean, crossed the Rocky Mountains. 
Area No. III. was a storm of unusual severity, particularly along 
the New England, the Virginia, and North Carolina coasts. Areas No. 
VIII, and XII. were severe storms which passed through the Lake 
region. 

No. I. was the continuation of the Florida cyclone described in the 
August review. Central in Mississippi, the morning of the 1st it moved 
northward with increasing pressure and was in Illinois the morning of 
the 2d, thence, by a northeastward track, passed down the valley of the 
Saint Lawrence during the 3d and 4th. No signals were displayed dur- 
ing the passage of this area. The only cases of brisk winds reported 
were : S.E, 33 at Delaware Breakwater, and S. 35 at Cleveland, m 



The mean temperatures for September, 1880, are shown by isotherms 
on the Chart. East of the Rocky Mountains an escees of temperature 
has prevailed in New England, Canada, Lower Lake region, and Middle 
States. In the Missouri and Upper Mississippi Valleys and Upper Lake 
region the mean temperature was normal. Elsewhere deficiencies were 
reported — the greatest in Texas. Westward of the Rocky Mountains 
the temperature has been normal, or above, to the north of parallel 42', 
while to the south, deficiencies have been reported. That at San Diego^ 
3%06, being the greatest departure from the normal in the country. ^^ 

The following extracts relating to the temperature of the month Irifl 
noted as of interest : ^^ 

Riley, 111., mean temperature 2' below average of 19 years; Gardiner, 
Me., temperature 2M above mean of 44 years; Westborougb, Mass., 
mean temperature 7° above that of August; Linden, N. J,, no frost dur- 
ing month ; Newark, N. J., temperature 6°. 9 above mean of 37 years; 
Philadelphia, temperature 6°.9 above mean of 91 years ; Baltimore, 5th, 
two fatal sunstrokes. 
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PRECIPITATIOS. 



The general distribution of rain-fall for September, 1880, ia shown on 
the Chart as accurately aa poasible, from about 500 reports. The rain- 
fall lias been normal in New England, the Ohio, Lower Mlaaouri, Upper 
Mississippi, and St. Lawrence Valleys. Elsewhere deficiencies have oc- 
curred, except in the Gulf States, from which districts exceasea ranging 
from 1.36 in the eastern to 4.24 inches in the western half are reported. 
In Central Texas the rain-fall was unnsnally large, causing local floods, 
which are elsewhere noticed. The rain-fall was greatly deficient (over 3 
inches) in Florida and the South Atlantic States. Less important 
deficiencies are noted in the Lake region. Upper Miasiasippi Valley, Min- 
nesota, and on the entire Pacific coaat. 

Rainy days. — The number of days on which rain or anow has fallen 
varies as follows: New England, 6 to 17; Middle Atlantic States, 5 to 
11; South Atlantic States, 5 to 13; Eastern Gulf States, 5 to 19; West- 
ern Gulf States. 11 to 17; Ohio Valley and Tennessee, 10 to 17; Lower 
Lake region, 8 to 16; Upper Lake region, 11 to 18; Upper Mississippi 
Valley, 5 to 10; Missouri Valley, 8 to 10; Red River of the North Val- 
ley, 7 to 13; Texas, 3 to 17; Rocky Mountaina, 2 to 11; Middle Pla- 
teau, to 5; California, 0; Oregon, 3 to 8. 

Cloudy days. — The number varies in New England from 4 to 14; 
Middle Atlantic States, 5 to 10; South Atlantic States, 6 to 12; East- 
ern Gulf States, 2 to 13; Western Gulf States, 9 to 13; Ohio Valley and 
Tenneasee, 6 to 16; Lower Lake region, 1 to 10; Upper Lake region, 6 
to 13; Upper Mississippi Valley, 4 to 6; Missouri Valley, 6 to 7; Red 
River of the North Valley, 5 to 8; Texas, to 13; Rocky Mountains, 
to 6; Middle Plateau, to 2; California, to 9; Oregon, 2 to 6. 

Hail.— Colorado : Pike's Peak, 1st, 6th, 8th to 10th, 18th, 21st. 
Summit, frequent. Iowa: Davenport, 19th; some stones over one-half 
inch in diameter, half ice, very irregular shape, with numerous conical 
projections; some had cavities in centre; Mt. Vernon, 15th; Ames and 
Yatea Centre, 25th. Kansas : Leavenworth, 25th, Michigan : Kala^ 
mazoo, 29th; Marquette, 28th. JVew Vori:: Waterburg, 6th, 28th; 
Dundee, Buffalo, Oswego, and Rochester, 29th; North Volney, 30th. 
Ohio : Cleveland, 28th, 29th; very large stones; Margaretta, 29th. Min- 
nesota ; At Euclid, 24th; very large hail over a belt of country two 
miles wide; one stone weighed 12 ounces, and the diameter of the longer 
axis of another was i inches; men found it necessary to protect their 
heads. iVeSmsia.- North Platte, 17th. 

Snow. — California : Visalia, 24th, on mountains east of town. Col- 
mrado: Denver, 25th; Pike's Peak, 2d, 9th, 20th, 21st, 25th, 26th; Col- 
orado Springs, 26th; Fort Garland (7th, Baldy and Sierra Blanca cov- 
ered with snow), 26th. Xne ffarirjmhire : Mount Washington, 10th. 
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New York: Rochester, 14th. Michigan: Fort Wajne, 29th, Vermom 
Mount Mansfield, 93d. Wyoming : Lookout Station, 26tb. 

Drcughts. — The droughts reported from New England undoubtedly 
result from the great delicieney in rain-full of nearly COO Inches, from 
March 1st to June 30th of this year. The rainfall from July 1st to 
October 1st has been slightly above the normal in that section of the 
country. Bangor, Me., to 9th; great suffering in farming districts; 
streams drying up; stock driven long distances for water; many mills 
stopped. Charlotte, Vt,, severe to the 13th. Windsor, Vt., eevere 
at beginning of month up to 9th. Woodstock, Vt., 28th, drought of 
July and August still prevails; many wells and streams dry; farmers com- 
pelled in early part of month to haul water for stock, Westborough, 
Mass., month warm and dry. Auburn, N. H., drought severe in early 
part of month. Fort Madison, Iowa, 30th, water scarce; some wells 
dry. Sandy Springs, Md,, 30th, slight drought. ^1 



RELATIVE HUMIRITT. " 

The percentage of mean relative humidity for the month ranges as 
follows: New England, from 71 to 81; Middle Atlantic States, 66 to 8"; 
South Atlantic States, 60 to 88; Eastern Gulf States, 71 to 80; Western 
Gulf States, 70 to 81; Ohio Valley and Tennessee, 62 to 77; Lower 
Lake region, 65 to 73; Upper Lake region, 65 to 75; Upper Mississippi 
Valley, 62 to 71; Missouri Valley, 60 to 67; Red River of the North 
Valley, 70 to 76; Texas, 67 to 81; Middle Plateau, 19 to 39; Califor- 
nia, 37 to 79; Oregon, 64 to 78. High stations report the following per- 
centages not corrected for altitude; Mount Washington, 8C.G; Denver, 
43.9; Virginia City, 31.0; Cheyenne, 38.6. 



The prevailing directions of the wind during September, 1880, 
shown by arrows, flying with the wind, on Chart. The prevailing direc- 
tion in New England, the Lake region, the Ohio and Upper Missis- 
sippi Valleys was southeasterly; in Florida, Tennessee, the South At- 
lajitic, and Eastern Gulf States, northeasterly; in the Western Gulf 
States, including all of Texas, southeasterly; the Upper Missouri and 
Red River of the North Valley, northwesterly; the Lower Missouri Val- 
ley and the Eastern Rocky Mountain slope, southerly. On the Pacific 
coast it was northwesterly, except south at Sacramento and southwest at 
Los Angeles. In the Middle Atlantic States the winds were mostly from 
the northwest to southwest. In the Plateau districts they were variable. 
On Mount Washington, the prevailing direction was N.W,, and maxi- 
mum velocity was S. 76 miles i>er hour on the 28th. Other maximnm 
velocities of 50 miles or more occurred us follows: 10th, N.E. 60; 15th, 
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N.E. 70; 2lBt, N.W. 70; SSd, N.W. 60; 27ih, N.W. 57. The prevail- 
ing direction on Pike "9 Peak wasS.W. ; the total monthly movement was 
9,83-1 miles and maximum velocity 50 miles ^V., 4th. A Diaximuia 
velocity of 50 miles N.E. was reported from Cape Henry on the 9th. 

Local storm. — On Friday, the 3d, a tornado passed tlirough the south 
part of Biley, 111. It came from the southwest and moved to the north- 
east in a path ahout 200 feet wide. An obser^^er says: It turned a tree, 
2 feet in diameter, up by the roots, and twisted off two others of 2 feet 
diameter, about 12 feet from the ground and carried the sundered parts 
eight or ten rods, and scattered them in pieces over a large surface. It 
broke off a sound hard maple cf thirty years' growth, over a foot in 
diameter, 10 feet from the ground, and took off several feet of the tops 
of stacks of oats and scattered the bundles. It all occurred within five 
minutes, and in the mean time water came down in torrents with a 
whirling motion. There was considerable damage done in Harmony and 
elsewhere south of Riley by the same storm, but no houses blown down. 

Water-spouts. — Key West, Florida, 16th, 3 p.m., ahout six miles dis- 
tant. Buffalo, '^th, 4 water-spouts reported to have been seen on Lake 
Erie, 4 miles from this city, moving from S.W, to N.E. They were said 
to be cylindrical rather than conical. 

Sand-storms. — Umatilla, Oregon, 32d; Burkes, Ariz., 9th and 12th, 

ATMOSPHERIC ELECTBICITT. 

Thunder-storms have occurred with the greatest frequency as follows 
JlUnois: 3d, 18th, and 19th. Indiana: 3d, 5th, 6th, 15th, 18th, 25th. 
Iowa: 3d, 6th, 19th, 25th. Kansas: 3d, 18th, 25th. Michigan: 1st, 
19th, A'ebraska: 6th, 18th, 25th, Missouri : 19th. New York : 4th. 
OAio: 4th, 28th. Fjr^inia : 6th and 6th. Tennessee : ^ih, bVn. Texas: 
3d. 4th, 6th, 7th, 12th, 2ad to 26th. In other States they have occurred 
with comparative infrequency. At Santa Barbara, Cal,, a thunder- 
storm occurred the 7th. 

Atmospheric electricity interfering with telegraph lines. — New Mex- 
ico : Silver City, on the 9th, 10th, 21st; Santa F6, 6th, 26th; Socorro, 
12th, 16th, 20th, 26th, 28th, 29th; La Mesilla, 10th, 20th. 

Auroras were nightly observed, from the 27th to thc30th, inclusive, 
over a wide extent of country, from Maine westward to Dakota, and as 
far south as latitude 40^. They were visible as far west as Fort Buford 
on the 27th, 28th, 29th, and at Bismarck on the 30th. To the eastward 
they were observed as far as Grafton, N, H., on 27th; Bangor, 29th; and 
Gardiner, Me., 28th to 30th. 
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BABOMBTRIO FBBSSCBB. 



The general diBtribution of barometric pressure as exhibited on the 
Chart differs slightly from the mean pressure as determined from the 
observations for many years. The greatest variation from the mean 
occiire on the North Pacific coast, where the pressure is seven hundredths 
above the normal at Portland. The pressure has increased from three 
to six hundredths in all districts east of the Mississippi, and the area of 
mean high barometer which covered the Southern States in September 
has increased and moved north over the Middle Atlantic States and New 
England. 

Barometric ranges. — The barometric range for the several stations 
increases with the latitude and is unuBnally great in the Upper Mississippi 
Valley and Upper Lake region, located near the track of the centre of 
the storm which passed over these regions on the 16th and lith. The 
range increases on the Atlantic coast from 0.30 at Key West to 1.22 at 
Portland, Me,, and in the Mississippi Valley from 0.68 at New Orleans 
to 1.G8 at La Crosse, this being the greatest range reported. In the 
Lake region, the range varies from 0.89 at Rochester to 1.51 at Duliith, 
On the Pacific coast the range increases with the latitude, but is much 
less than at corresponding latitudes on the Atlantic coast. 

Areas of high barometer. — Nine areas of high barometer have ap- 
peared within the limits of the Signal Service stations during the month 
of October, four of which — Nos. II., V., VII., and IX. — were traced 
from the North Pacific to the Atlantic coast. No VI, apparently de- 
veloped in the Southwest, and followed the general direction of the 
storm of the 16th and ITth, being preceded bythe most severe norther 
of the month on the Texas coast. 

Areas of low baromeitr. — On the Chart will be found the tracks of 
centres of the areas of low pressure, which have been traced from the 
tri-daily weather maps of the month. The mean latitude of these tracks 
is several degrees to the north of the mean latitude of low areas for cor- 
responding month of previous years. Nos. IV., VIII,, and XL were 
tropical storms, which developed south of latitude 25°, and No. VI., the 
most marked depression of the month, apparently developed in the 
Southwest, probably in Northern Texas, No, XII, is the only depres- 
sion that crossed the Rocky Mountains, and this disappeared before 
reaching the Lake region. 
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TEMPERATURE OF THE AIH. 



The mean temperature of the air during October, 1880, is shown by 
the isothermal hues on the Chart. In the Southern States east of the Jlis- 
sissippi Biver, and in the Middle States, tlie temperature has been near 
the normal of many years. In all the other districts east of the Hocky 
Mountains it has averaged from one to live degrees below the normal, 
the greatest departures being in Western Tesas, and thence northward 
over Kansas and Colorado. On the Pacific alope, the temperature cor- 
responds with the normal, except at San Diego, where it is one degree 
below, and in the southern Plateau district, where it has averaged over 
two degrees below. The temperature is slightly above the normal in the 
lower Saint Lawrence Valley and Gulf of Saint Lawrence. 



PRECIPITATION. ^H 

The general distribution of rain-fall for October, 1880, is shown on 
the Chart, as accurately as possible, from about five hundred reports. 
East of the Mississippi River, except in the Upper Misaissippi Valley, 
Upper Lake region, and Middle Atlantic States, where there were slight 
deficiencies, there were excesses of rain-fall, ranging from 3.36 inches in 
the Florida peninsula and 2.40 inches in the South Atlantic States to 
0,17 in New England. West of the Misaiasippi, except in Minnesota 
and the Lower Missouri Valley, where slight excesses occurred, the rain- 
fall was below the average, the greatest deficiency, 1.47 inch, occurring 
in the North Pacific coast region. 

Rainy days. — The number of days on which rain or snow has fallen 
varies as follows: New England, 7 to 16; Middle Atlantic States, 5 to 
13; South Atlantic States, 7 to 17; Eastern Gulf States, 10 to 11; 
"Western Gulf States, 4 to 10; Ohio Valley and Tennessee, 10 to 16; 
Lower Lake region, 14 to 22; Upper Lake region, 7 to 20; Upper Mis- 
sissippi Valley, 5 to 10: Lower Missouri Valley, 5 to 7; Red River of the 
North Valley, 9 to 11; Rio Grande Valley, 3 to 8; Texas, 3 to 7; Rocky 
Mountains, 5 to 17; Western Plateau, to 5; California, to 3; Oregon, 
3 to 10; Washington Territory, 7 to 9. 

Cloudy days. — The number varies in New England from 5 to 14; 
Middle Atlantic States. to 10; South Atlantic States, 8 to 16; Eastern 
Gulf States, G to 16; Western Gulf States, 3 to 10; Ohio Valley and 
Tennessee, 8 to 13; Lower Lake region, 10 to 13; Upper Lake region, 8 
to 16; Upper Mississippi Valley, 7 to 13; liowcr Missouri Valley, 5 to 11; 
Red River of the North Valley, 13 to 14; Rio Grande Valley, 4 to 7; 
Texas, 1 to 9; Rocky Mountains, 4 to 9; Western plateau, 2 to 5; Call- 
iomia, 1 to 3. 

Bail.— New York: Madison Barracks, 6th; Buffalo; 17th, 
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Pfinnniffvania : Catawiasa, FalUington, Philadelphia, and West Chester, 
itith; (.ireen Castle, SUth. Nei/> Jermy : Freehold and Princctou, 2«th. 
Illinoia: Chicago, 1st, 2d, 25th; Morrison and Sterling, 2d. Iowa: 
Dnbnque, 14th, ICth; Clinton, 3d; Cresco, 15th; Mount Vernon, 2d. 
Dea Moines, 15th, severest storm experienced since opening station; 
great damage to windows; stones varied in size from hickory nnta to 
walnuts; width of track, one-quarter mile; direction from southwest to 
northeast. Kansas: Holton, 3d, Michigan: Lansing, 2d, 35th; Mar- 
■quette, 16th. Minnesota: Saint Vincent, 10th; New Ulm, 15th; Du- 
Inth, 28th. Wiaeonsin: Milwaukee, 25th. Dakota: Fort Bennett, 
asth, 16th. Texas: San Antonio, 27th; Pilot Point, 15th. New Mex- 
ico: Santa F6, 12th. Oregon: Albany, 10th. Washington Territory: 
Pomeroy, 14th. 

Snow. — JVflMi Hampshire: 19th, 24th, 26th; on summit of Mount 
Washington, Ist, 3d, 5th, 6tb, 7th, 8th, 12th, 13th, 18th to 23d, 26th to 
31st. rermont: 19th, 20th, 23d, 26th, 28th. Massachusetts: 19th, 
20th, 24th. New York: 17th, 18th, 19th, 20th, 23d, 24th, 27th, 28th. 
New Jersey: 19th, 28th. Pennsylvania: 19th, 24th, 28th. Mary- 
land: 19th, 22d, and 23d in mountains. West Virginia: 19th, 
23d. Kentucky: 19th. Ohio: 17th, 19th, 20th, 23d, 24th. Michi- 
gan : 16th to 24th, 26th, 27th. Indiana : 15th, 17th to 19th. Illinois : 
16th, 17th, 19th to 23d. Missouri: 16th. Wisconsin: 16th, 17th to 
19th, 23d. /oM(T ; 16th to 19th, 23d. A'aHsaa: 15th, 16th. Nebraska: 
14th to 18th, 2l8t. Minnesota: 15th to 21st, 23d, 30th. Dakota: 
9th, 15th to 18th, 26th. Colorado : 9th to 13th, 15th, 26th, 30th. On 
summit of Pike's Peak, 9th, 11th, 12th, 13th, 18th to 24th, 3l8t. New 
Mexico: 10th, 11th. Nevada: 8th, 10th, 11th, 12th. Utah: 8th, 9th, 
10th, 14th. Wyoming: 9th, 10th, 14th to 18th, 29th. Idaho: 14th. 
Montana: 8th, 9th, 14th, loth, 28th. 

Droughts. — Fort Madison, Iowa, 30th, water very scarce; pastures 
drying up. Yates Center, Kans., Slst, streams and ponde lower than 
for past six years. Emmittsbnrg, Md., 30th, month very dry. Sandy 
Springs, Md., Slst, great scarcity of water; streams unusually low. 
Contoocookville, N. H., 1st to 30th, quite severe, Palermo, N. Y., 18th, 
very dry; wells and streams low. Greencastle, Pa., last half of month 
streams very low; wells and springs nearly dry; boats on Delaware and 
Hudson Canal stopped running for want of water. Woodstock, Vt., 
throughout month springs and wells remarkably low. Wytheville, Va., 
39th, drought has been very severe since the Ist; cisterns and wells gen- 
erally exhausted and streams very low. 

Snow from a cloudless sky. — Springfield, HI., 18th. 
Snow on ground at end of month. — Virginia City, Mont., l.SO 
inches; Pike's Peak, 2 feet 2 inches; Breckenridge, Minn., true; 
Mount Washington, 4.00 inches. 
18 



BBLATtVE HCMIDITT. 

The percentage of mean relative humidity for the month ranges as 
follows: New England, 66 to 80. M;iddle Atlantic States, 61 to 86 
Sonth Atlantic States. 62 to 80. Eastara Gulf States, 68 to 77. West- 
era Onlf States, 70 to 76. Ohio Valley and Tennessee, 63 to 79. Lower 
liake region, 67 to 70. Upper Lake region, 66 to 76. Upper Missis- 
rippi Valley, 58 to 65. Lower Missouri Valley, 63 to 64. Red River of 
the North Valley, 70 to 77. Rio Grande Valley, 63 to 71. Texas, 61 
to 71. Western Plateau, 30 to 45. California, 37 to 71. Oregon, 54 
to 82. High slafions report the following percentages not corrected 
for altitude: Monnt Washington, 80.7; Pike's Peak, 67.3; Denver, 
66.9; Cheyenne, 45.0; Virginia City, 48.7 ; Santa Yk, 48.0. 



The arrows on the Chart indicate the prevailing direction of the win^^ 
at thcBeFeral stations during the month of October. The prevailing direc- 
tion was north to east in the Sonth Atlantic and Gulf States, in the 
southern portion of the area of mean high barometer for the month, and 
eouth to west in the Lake region, Ohio Valley, northwest and interior 
of Texas, the Middle States, and New England. Northerly winds pre- 
vailed on the Pacific coast as far south as Sacramento, and southeast to 
southwest winds in the southern portion of California. At stations in 
the Rocky Mountain regiou the prevailing direction was generally from 
the higher to lower altitudes. Pike's Peak, prevailing direction, north- 
west; highest Telocity, 72 miles, west on 13th. Mount Washington, 
prevailing direction, northwest; highest velocity, 84 miles, northwest on 
the 34th and 31st. 

Local Slorma. — Under this head no storms of decided severity were 
reported during the mouth except iu connection with the passage of low 
area No. VI. during the 15th, IGth, and 17th, which are herewith ap- 
pended from the reports of various stations and other sources. Morri- 
son, 111., IGth, violent storm, hundreds of trees prostrated, and consid- 
erable damage to fences aud out-buildings. Riley, 111., 16th, great 
damage to trees, fences, corn-fields, and a "wholesale destruction 
of windmills;" heaviest atorm ever experienced here; estimated ve- 
locity of wind, 70 miles per hour. Roekford, 111., 16th, severe 
gale from the southwest, causing considerable damage. Elmira, 111., 
16ih, violent southwest gale nearly all day. Springfield, III., 16th, con- 
siderable damage to trees, fences, and out-buildings. Chicago, 16th, vio- 
lent southwest gale with sleet from 5.15 to 9.30 p.h., building blown 
down, and much damage to shipping; 17th, wind continued high all day. 
Independence, Iowa, 16th, snow accompanied by a violent westerly gale 
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from 1 to 11 P.M. Guttenberg, Iowa, 16th, severe tliunder-Btorm, creeks 
in vicinity rose 11 feet above low-water mark; 16th, hurricane from 
west, accompanied by sleet. Logan, Iowa, 16th, violent westerly gale, 
worst storm for twenty years. Mount Vernon, Iowa, violent westerly 
gale all day, Nora Springs, Iowa, IGth, lowest barometer ever recorded, 
storm of great severity, all railroad communication westward suspended. 
Muscatine, Iowa, 16th, very heavy west gale. Creaco, Iowa, 16th, heavy 
westerly storm, lowest barometer for the year. Vail, Iowa, 16tii, storm 
of unusual severity; snow-drifts, from 3 to 5 feetdeep. Mitchollville, Iowa 
15th, about 4 P.M. a tornado was noticed in the west coming rapidly in 
direction of town, accompanied by a deep, heavy, rumbliug sound. The 
cloud, fuunel-shapod and twisting with great rapidity, was accom- 
panied by a heavy westerly gate, and sudden darkness overshadowed 
everything as itapproached the western edge of the village, where it 
lifted from the earth and passed harmlessly to the northeast, when it 
again seemed to descend, Dubuque, Iowa, 16th, violent southwest wind, 
considerable damage to trees, fences, and out-buildings. Keokuk, Iowa, 
15th, southwest 48 miles, considerable damage to property; 16th, west, 40 
miles. Davenport, Iowa, 16th, great damage to fences, trees, and build- 
ings, and navigation suspended. Topeka, Kans., 15th, southwest, G4 
miles, much damage to property. Dodge City, Rans., 14th and 15th, 
north, 56 miles. Grand Rapids, Mich., IGth, I7th, violent southwest 
gale. Escanaba, 16th, much damage to shippiug and other property. 
Port Huron, 16th, severe wind-storm, lasting thirty-six hours, much 
damage to shipping and other property. Port Huron, 16th, severe wind- 
storm lasting thirty-six hours, much damage to shipping. Grand Haven, 
16th, southwest 48 miles, worst day ever seen at this station. Detroit, 
irth, heavy southwest wind nearly all day. Genoa, Nebr., 15th, violent 
wtnd-atorm from the north, severest for many years, De Soto, Neb,, 
16th, heavy northwest gale. North Platte, 16th, violent gale from 
northwest, 54 miles per hour: Wooster, Ohio, 17th, violent southwest 
wind nearly all day. Flemington, W. Va., 16th to 18th, very violent 
westerly winds. Ashland, Wis., 17th, heavy northeast gale, much dam- 
ago to docks, warehouses, and shipping. Bloomfleld, Wis., 16th, violent 
southwest gale, much damage to feocesaud buildings. Milwaukee, 16th, 
southwest 60 miles, much damage to buildings, aud telegraphic commu- 
nication interrupted. Madison, Wis., 16th, west, 44 miles, much dam- 
age to property. Breckenridgo, northwest, 56 miles, 1.30 p.m. Duluth, 
16th, northeast and northwest 30 miles, very heavy sea on lake and 
much damage to shipping and wharves. Saint Vincent, Minn., 16th, 
violent storm from the north, highest velocity 40 miles per hour. St. 
Paul, violent gale from north-northwest, considerable damage in country 
and city, all telegraphic communication interrupted. Yankton, Dak,, 
16th, 70 miles, northeast at 1 a.m.; roads blocked with snowand com- 
munication of all kind suspended. Snow-drifts east of station reported 
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to be from 10 to 15 feet high. Reports from different points estimate 
of cattle aad crops in Yankton County, at $5,000. Fort Bennett, 
ICth, north, 40 miles. Memphis, Tenn., 15th, 32 miles west, much damage 
to buildings in city. Little Rock, Ark., 15th, west 33 miles, consider- 
able damiige to bridges, fences, and buildings. 

Sand-storms. — Umatilla, Oreg., 13th; Winnemuoca, Nev., 7th, 
14th, 28th; Fort Yuma, Cal., 8th, 15th; Port Garland, Colo., ftZd. 



ATUOSPIIEHIC ELECTRICITY. 
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Thunder-storms. — Comparatively few have been reported dnrii 
the mouth, and mostly from the northern sections of the country. The 
moat estensive, as well as severe, was that of the 15th and ICth. Dis- 
tributed among the several States, they were reported on the following 
dates: Maine : 23d. Massachusetls : 12th, 23d, 25th, 30th, and 31st. 
Mw York: 3d, 12th, and 16th. Virginia: 15th, 22d, 30th. Xorlh 
Carolina: 22d. Florida: 3d, 5th, 7th, and28th. Tennessee: 3d, 14th, 
15th, 16th, and 26th. Kentucky: 14th and 15th, Ohio: Ist, 2d, 14th, 
15th, 17th, and Slst. Indiana: let and 15th. Illinois: 1st, 2d, 3d, 
14th, 15th, 2l8t, 24th, and 25th. Michigan : let, 3d, 4th, 15th, and 25th. 
Wiacongin: 10th and 16th. Iowa: 1st, 2d, 3d, 10th, 11th, 1.3th, 16lh, 
and 24th. Missouri: 15th and 25th. Mississippi : Ztih. Lonisiaaa: 
3d, 27th, and 28th. Texas: 2d, 3d, 13th, 16th, 16th, 21st, 26th, and 
27th. Indian Territory: 13th, 15th, and 25th. Kansas: 9d and 20th. 
Nebraska: 2d, 3d, and 13th. Colorado: 2Gth. Kew Mexico : 24th. 

Auroras. — The most extensive occurred on the evenings of the 7th, 
28th, and 30th, and the early morning of the Slst, and were reported by 
various observers, both Signal Service and voluntary, from stations 
reaching eastward from Dakota to Maine, and southward to the 37th 
parallel. ~ 



AQUEOUS TAPOR IN EELATION TO PEHPETUAL SNOW. 
BY JAMES CROLL, LUn., F.K.S, 



mst^ 



Some twelve years ago I gave (PMl. Mag., March, 1807, 
and Time," p. 548) what appears to be the true explanation of that ap- 
parently paradoxical fact observed by Mr. Glaiahier, that the difference 
of reading Iwtwoen a thermometer exposed to direct sunshine and one 
shaded diminishes instead of increases as we ascend in the atmosphere. 
This led me to an important conclusion in regard to the influence of 
aqueous vapor on th'e melting of snow, but recent objections to some of 
my views convince me that I have not given tothat conclnsion the prom- 
inence it deserves. I shall now state in a few words the conclusion to 
which I refer. 





The reason why snow at great cJevations does not melt, bat romaina 
permanent, is owing to the fact that the heat received from the sun is 
thrown off into stellarBpacesorapidly by radiation and reflection that the 
sun fails to raise the temperature of the snow to the melting point; the 
snow evaporates but does not melt. The summits of the Uimalayus, for 
example, must receive more than ten times the amount of heat necessary 
to melt all the snow thut felln on them, notwithstanding which the snow 
is not melted. And in spite of the strength of the sun and the dryness 
of the air at these altitudes, evaporation is insufficient to remove the 
snow. At low elevations, where the snow-fall is probably greater, and the 
amount of heat received even less than at the summits, the snow melts 
and disappears. This I believe wo must attribute to the influence of 
aqueous vapor. At high elevations the air is dry ai^ allows the heat 
radiated from the snow to pass into space, but at low elevations a very 
considerable amount of heat radiated from the snow is absorbed by the 
aqueous vapor which it encounters in passing through the atmosphere. 
A considerable portion of the heat thos radiated, being of the samo qual- 
ity as that which the snow itself radiates, is on this account absorbed by 
the anow. Little or none of it is reflected like that received from the 
sun. The consequence is that the heat thus absorbed accumulates inthe 
snow till melting takes place. Were the amount of aqueoua vapor 
possessed by the atmosphere sufSciently diminished, perpetual snow 
would cover our globe down to the sea-shore. It is true that the air is 
warmer at the lower level than at the higher level, and by contact with 
the snow must tend to melt it more at the former than at the latter posi- 
tion. But we must remember that the air is warmer, mainly in conse- 
quence of the influence of aqueoua vapor, and that were the quantity 
of vapor reduced to the amount in question, the difference of tempera- 
ture at the two positions would not be great. 

But it may be urged, as a further objection to the foregoing conclu- 
sion, that as a matter of fact on great mountain-chains, the hue reaches 
to a lower level on the side where the air is moist, than on the opposite 
aide where it is dry and arid. As, for example, on the southern side of 
the Himalayas and on the eastern side of the Andes, where the snow-line 
descends some 2,000 or 3,000 feet below that of the opposite, or dry aide. 
But this is owing to the fact that it is on the moist side that by far the 
greatest amount of anow is precipitated. The moist winds of the 8.W. 
monsoon deposit their snow almost wholly on the southern side of the 
■\ViraalayaB, and the S.E. trades the snow on the east side of the Andes. 
Here the conditions in every respect the same on both sides of the 
mountain ranges, with the exception only that the air on one was per- 
fectly dry, allowing radiations from the snow to pass without intermp- 
tion into stellar space, while on the other side the air was moist aud full 
of aqueona vapor, the snowline would descend to a lower level on the dry 
thanonthemoiateide.—Amer. .fl of Science.No. 116, vol. xx., Aug. 1880. 
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6. MONTHLY WEATHER REVIEW, NOVEMBER, 



BABOMETIC PRESSrRE. 

Upon the Chart is shown, by the isobaric lines, the distribution o( 
atmospheric pressure over the United States for November. 1880, On 
the Pacific slope an area of unusually higli pressure prevailed over Ore- 
gon and Washington Territory, the mean being above 30.30 at all Ore- 
gon stations. An area of very high pressure covered the Middle States 
and tlie Ohio Valley aud Tennessee, the mean ranging in these districts 
from 30.22 to 30.29. Except at the Rocky Mountain stations, iu the 
Plateau districts, the South Atlantic and Eastern Gulf States, the mean 
pressures have been decidedly greater than have ever before been re- 
corded by this service in November. 

Departures from normal values for tke month. — By comparison with 
the average for seven years, it is found that the barometric pressure for 
November, 1880, except in the Plateau and Bocky Mountain districts 
(where the departures from the normal have been slight and unimpor- 
tant), has been very decidedly above the average. The excess iji New 
England, the Middle States, the Lower Lake region, and the Ohio Val- 
ley, has ranged from 0.16 inch to 0.20; elsewhere, except along the im- 
mediate Oulf coast, it varied from 0.10 to 0.19, On the PaciSc coast, 
the excess was 0.08 at San Diego, 0.13 at San Francisco, and 0.20 at 
Portland. 

The local barometric ranges, from readings reduced to sea-level, 
liave, during November, 1880, been greater than usual. These ranges, 
-eastward of the 102d meri<iian, as a rule, increase from the coast toward 
the interior, so that lines of equal ranges are geuerally parallel to the sea- 
coast. In the Gulf States the lines deviate slightly from this rule, and 
trend from the northeast to the southwest — the fluctuations in Texaa 
being decidedly greiitor than in Florida. The local ranges for the month 
decrease gradually along the Gulf coast from O.DS at Indianola to 0,36 
at Punta Bassa and Key West. Along the Atlantic coast they increase 
gradually from 0.51 at Jacksonville to 1.33 at Portland, Me. The 
greatest fluctuations occurred over the I^ake region and the Ohio Val- 
ley; greatest ranges, 1.44 inches at Marquette, 1,45 at Columbus, 1.48 
at Madison and Rochester, and 1.50 at Buffalo. In the elevated pla- 
teaus of the country the range increases quite regularly with the lati- 
tude, while on the Pacific slope the lines of equal ranges trend from 
northwest te southeast, indicating that the range increases with latitude 
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and elevation. The greatest ranges on that coast were 1.19 at Olympl 
and 1.43 at Umatilla. 

General barometric range. — The extreme range of the atmospheric 
pressure, reduced to sea-level, was 1.75 inch, from 30,86 at Cincinnati 
on the morning of the 22d to 29.11 at Father Point on the afternoon of 
the ?th. 

Areas of high teinpernluTe, — Nine such areas have prevailed during 
November, 1880; two of these areas were encroachments of the area of 
high pressure from the North Pacific Ocean. No. VI. appears to have 
been formed by an encroachment of high pressure from the Pacific 
Ocean together with an outflow from Saskatchewan. No. III. appeared 
first in Tesas, although it may have moved eastward from tiie Platean 
districts. Nos. III., VII., and VIII. were especially noted for the un. 
usually high pressures and very low temperatures for the aeoaon. In 
consequence, the pressure has been abnormally high, and the tempei 
ture proportionally low. 

No, VII. — This area, the most important of the month, was ap] 
ently an outflow of dry, cold air from Saskatchewan or Manitoba. Dnj^-: 
ing the SCith the pressure rose rapidly in the Missouri Valley, and 
midnight was central in Missouri; Omaha and Leavenworth barometeTs 
0.39 above the norma). Moving slowly eastward the pressure was 
iucreased by an additional outflow of cold air from Hudson's Bay Ter- 
ritory, so that while the centre remained nearly stationary in the Ohio 
Valley during the 22d and 23d, the pressure at Cincinnati rose to 30. SS 
or 0.67 above the normal, the highest pressure ever noted at that ntftH 
tion. As this area withdrew eastward from the Ohio Valleyto the MidJ 
die States during the 23d, advancing high area No. VIIl. united withit.J 
Its subsequent history is considered as that of No. VIIL Cautionaiy'j 
signals were ordered for the North Carolina coast, and naving been jus^ 
tified were continued until the 2Cth in connection with high area No. 
VIIL The passage of this area was marked by minimum temperatnres 
for the Lake region, the Atlantic States, the Ohio, Upper Mississippir 
and Lower Missouri Valleys. Except in New England, these tempera- 
tures were remarkably low for November. They occurred from seven 
eight days earlier in the month thau the remarkably low temperattirea 
1875. The most notable temperatures observed at Signal Service sta- 
tions were: Washington, 12,5°; Philadelphia, 10°; Saint Louis and 
Louisville, 8°; Pittsburgh, V: Buffalo. 3°; Chicago, 1'; Erie, Detroit, 
Sandusky, Grand Haven, andDes Moines. 0°; Champaign, — 3"; Alpenft^ 
— !■; Columbus, Indianapolis, Keokuk, and Milwaukee, — 5°; P< 
Huron, — 6'; Marquette, — 9\ 

A reiM of low pressure. — Sixteen areas are described for November, 
1880. Eleven of these areas have followed tracks sufliciently well de- 
flned to permit the charting of them. Of these areas, Noa. III., VL, 
and XI. were possibly of cyclonic origin. Four originated in the Eo< 
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Mountain districts, one developed in Minnesota, nnd the remaining 
areafi probably formed in Saskatcliewan or lludeon'a Bay Territory. No 
area, except poaeibly No. V., originated on the Pacific coast, Nos. 
III., v., VII., and X. were storms of markt-d and unusual violence in the 
Lake region, and caused the loss of many Utcs and destruction of many 
vessels. The severity of the storms in the early part of the month on 
Lake Ontario may be inferred from the statement that during the first 
twelve days of the month the crew of the Oswego life-saving station res- 
cued forty-five persons, thirty-nine of whom were saved from wrecks. 
No. XI. proved to be an unusually severe storm along tlie New England 
const, tlie Canadian maritime provinces, and Newfoundland. The 
extreme violence of these storms has in a large measure been ocoaaioued 
by the rapidity with which the low areas have been followed by areas of 
high pressure. 

No. III. — This storm, which waa one of marked and unusual vio- 
lence in the Lower Lake region, was possibly of cyclonic origin. At 
midnight of the 6th s sharp Ijarometric fall waa reported from the cen- 
tral coast of the Gulf States; New Orleans and Mobile barometers 0.2& 
below the normal. On the morning of the 6th a trough of decreased 
pressure extended from Alabama northward to Ohio; Knoxville. Nash- 
ville, and Columbus barometers D.Sl'belowthe normal. During the day 
the pressure rapidly decreased, being that afternoon 0.60 below the nor- 
mal at Columbus, and at midnight 0.86 below at Kingston. Moving 
rapidly northeastward it was central in the lower Saint I-awrence Valley 
on the morning of the 7th, and later in the day passed over the Gulf of 
Saint Lawrence. At midnight of the 5th signals displayed for area No. 
II. were continued on the lower lakes, and all stations were warned of 
this advanced atorm. This atorm, in connection with advancing high 
area No. III., was unusually severs in the Lower Lake region and New 
England. The atorm on Lake Erie was said to have been the worst for 
thirty years. Rain or anow, with northerly backing to westerly galea, 
prevailed, with wind velocities as follows: Sandusky, W., 43; Erie, 
N.W., 44; Toledo, W., 44. At Toledo many vessels warned remained 
in port; all venturing out were obliged to put in for shelter, and one 
was lost. Two schooners and three barges were driven aehore, and 
others were severely damaged. On Lake Ontario the storm was even 
more severe. During the 7th the wind attained velocities of W. 36 at 
Oswego, W. 44 at Rochester, and W. 60 at Buffalo. On that morning 
the propeller Zelanda foundered; crew, sixteen in numl>er, all lost. One 
schooner and crew of seven were lost, and one passenger steamer 
and one schooner misaing, probably lost. Four other steamers, one 
barge, and one scow were driven ashore, and several vessels badly dam- 
aged. Many vessels remaining in the harbor at Buffalo escaped the 
storm; all others leaving port were driven hack badly damaged. At 
Buffalo the atorm waa very violent, doing conaiderable damage to prop- 
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erty; the mean hourly veloci ty of the wind for the twelve hours preceding 
13 M. of the 7th waa forty-three mileg. Part of Main street waa sub- 
merged by high water. At Utica the storm was very violent, unroofing 
a church and damaging other property. A violent thunder-storm 
occurred at Poughkoepsie at 2 p.m. of the 7th. During the morning 
violent gales occurred at Toronto and the greater part of the Province of 
Ontario. Much damage was done to houses and other buildings at Can- 
andaigua, Palmyra, and other portions of Western New York. During 
the 6th cautionary signals were displayed along the Atlantic coast from 
North Carolina to Maine, and were changed later from cautionary signuia 
to ofE-shore from Cape Ilatteraa to Portland; they were lowered at the af- 
ternoon and midnight reports of the 7th ; these signals were fully justified 
by southeasterly veering to northwesterly gales, with the following maxi- 
mum velocities: Portland, S.E., 31, andN.W., 34; Boston, W. 32; East- 
port, S., 3C; New Shoreham, S.W., 36; Cape Hatteras, N.W., 36; 
Kittyhawk, 8.W., 44; Wood's UoU, N.W., 42, and S.W., 45; Cape 
May, W., 62. Very severe weather was reported from Long Island 
Sound and ofT the New England coast. At Thatchers Island the Sig- 
nal OfBce building was unroofed by the gale. Strong westerly gales 
prevailed in the Canadian maritime provinces during the 8th; Father 
Point, wind in the afternoon and midnight W. 55 miles. During the 
7th nnd 8tb, strong westerly gales and high seas were reported by incom- 
ing European steamers. 

No. V. — During the 6th the pressure fell rapidly on the North 
Pacific coast, and on the morning of the 7th the barometer at Olympia 
was 0.17 below the normal. The centre, considerably to the northward 
of the Signal Service stations, by a southeasterly course, reached North- 
ern Dakota on the morning of the 8th; Bismarck barometer 0.53 below 
the normal. At that time an estensive trough of low pressure covered 
the country from the Plateau districts eastward to the Mississippi Val- 
ley, During the day, the pressure rose in the Missouri Valley, and the 
centre of this area moved due south to Northern Texas, where it was 
central the afternoon of the 9th. Changing its course to north- 
northeast, it was central, with decreasing pressure, the morning of the 
10th in Iowa (Keokuk barometer 0.G3 below the normal), and on the 
morning of the 11th in Northern Michigan; Marquette barometer 0.66 
below normal. Changing its course to the eastward through Canada, 
considerably to the north of the Signal Service stations, it reached the 
Gulf of Saint Lawrence the afternoon of the 12th. Cautionary sig- 
nals were ordered for the Texas coast during the 8th, and were ehanged»l 
as the area moved eastward, to off-shore. Maximum velocities of S.W",-* 
40 and N.W. 40. were reported from Indiaoola. Cautionary signals 
wore displayed at Pensacola on the 9th, justified by a wind of 8.W. 25 
miles. Considerable damage was done to vessels in Pensacola Harbor. 
As this area moved northeastward from Texas at midnight of the 9th, ■ 
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cautionary signala were diaplajed on Lake Michigan, and were ordered 
the following morning for the rest of the Lake region and along the 
Atlantic coast from Chincoteague to Wood's HoU. These Bignals were 
changed to off-shore on the Hew Jersey coast the morning of the 11th, 
and along the New England coast the morning of the 12th. They were 
lowered during the 12th, as follows: On Lakes Superior and Michigan, 
in the morning. Lakes Huron and Erie, Long Island Sound, and the 
New Jersey coast in the afternoon, and at the remaining stations at mid- 
night. These signals were all fully justified; the greatest wind veloci- 
ties reported were as follows: Duluth, N.W., 32; Alpena, N.E., 33; 
Clereland and Erie, S.W., 34; Buffalo, W. 37; Milwaukee. S.W., 34; 
Thatcher's Island, S.E., 33, and W. 33; New Shoreham, S. E., 34, and 
W. 32;Eastport,S.E.,34; Wood's IIoll, W., 44, and N.W., 44. This gale 
was very severe in the Lake region, along the New England coast, and 
ia the Gulf of Saint Lawrence. The wind velocities at Father Point on 
the 13th were as follows: a.m., W., 50; p.m., W., 44; M., N.W., 40. 
On Lakes Erie and Ontario, in addition to the foundering of the 
schooners Norway and Morning Star, hy which 15 lives were lost, many 
vesBels were Beriously damaged and a number driven ashore. 

No. VII. — This area moved southeastward from Manitoba, and on 
the morning of the 15th was central in Minnesota; Duluth barometer 
0.48 below the normal. The centre continued in a southeast course and, 
passing over Lake Michigan, was central, with increased pressure in 
Southern Michigan the morning of the IGth, whence it passed north- 
eastward into Canada during that day. Cautionary signals were ordered 
for the Upper Lake region at midnight of the 14th, and for the stations 
on the other Lakes, except Ontario, the following day. They were 
lowered on the Upper Lakes during the loth, and at the Lower Lake 
stations on the following morning. These signals were justified by rough 
weather and high winds, the schooner E. M. Carrington being lost, with 
a crew of five, on Lake Michigan, and three vessels foundered or totally 
wrecked (crews saved) on Lake Erie. The following are some of the 
maiimumvelocitiea which were reported: Bnfl;ilo,S.W., 26; Toledo, S.W., 
27; Marquette, W., 27; Duluth, N.W.. 30; Grand Haven, N.W., 32; 
Port Huron, W., 33. 

No. X. — During the 18th the pressure gradually decreased over the 
Plateau regions, and by midnight this area waa central in Nebraska; 
Cheyenne barometer 0.23 below the normal. Moving northeastward, 
the centre, on the morning of the ^JOth, was over tho eastern end of Lake 
Superior, whence it passed ea-stward, with increasing violence, through 
Cana<]a and reached tho Saint Lawrence Valley at midnight. On the 
morning of tho 21st, it united over the Gulf of St. Lawrence, with low 
area No. XL On the morning of the 20th. cautionary signals were 
ordered for Lakes Michigan, Huron, and Erie, and that afternoon for 
Lake Ontario. These signals were lowered on the 21st in the Upper 
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Lake region and on the folloiring morning at the Loirer Lake stations. 
This storm iras nnnsnally severe over Lake Ontario, where fonr ressels 
were wrecked and ten others badlj damaged. At Bo&loone ressel waa 
sank, and one person drowned. The following maximnm relocitiea 
were reported: Marqnette. W., 26; Milwaukee, W. 36; Alpena and Port 
Huron, W., 34; Erie, S.W., 42; Oswego, W., 33; Buffalo, W., 37. 

Xo. XL — During the night of the 19th and 20th. the pressure de- 
creased rapidly along the South Atlantic coast. On the morning of the 
20th the barometric fall extending northward, became more sudden and 
marked ; Xew London barometer 0.34 below the normal (a fall of 0.3^ 
in eight hours). Cape Hatteras barometer 0.31 below the normal (a de- 
crease of 0.20 in eight hours). The lowest pressure connected with 
area Xo. X. was then 0.30 below the normal at Parry Sound. At mid- 
night this area was central over the Bay of Fundy, with the following 
decrease of pressure reported for the past eight hours : Sydney, 0.38^ 
inch; Father Point, 0.39; Chatham, 0.50; Halifax, 0.59; Eastport, 0.61, 
and Yarmouth, 0.71. On the morning of the 21st the area united with 
Xo. X. over the Gulf of Saint Lawrence; Sydney barometer 29.29 or 
0.61 below the normal (a fall of 0.71 in eight hours and 1.09 in sixteen, 
hours). Cautionary signals were displayed during the 20th for Xew 
England and the Xorth Carolina coast, and were lowered, in the latter 
district, at midnight. Cautionary off-shore signals were also ordered for 
the Xew Jersey coast. La Xew England, except for Eastport, these 
signals were later changed to off-shore. These signals were lowered on 
the Xew Jersey coast on the morning of the 21st, but were continued at 
the remaining stations until the morning of the 22d. This storm waa 
one of unusual violence off the Xew England coast, the Canadian man* 
time provinces, and off the Banks of Xewfoundland, continuing in th& 
latter district until the 25th. A dispatch from Saint John's, X. P., re- 
ports that over thirty vessels were lost; fourteen in Bona Vista Harbor, 
six in Conception Bay, several in Green Bay. The following are 8om& 
of the wind velocities reported: Portland, W., 31; Xew Shoreham, 
X.W., 42; Boston, W., 44; Wood's Holl, X.W., 44; Thatcher's Island, 
X.W., 40; Yarmouth, X., 55; Father Point, 21st, a.m., W., 48, p.m.,. 
W., 84, M., W., 65; 22d, a.m., W., 54, p.m., W., 60 m., W., 48. 

TEMPERATURE OF THE AIR. 

The mean temperature of the air for Xovember, 1880, is indicated by 
isotherms on the Chart. The mean in every district of the country 
has been below the normal. Such deviations from the normal exceeded 
5' over the entire country, except California, the Atlantic and East Gulf 
States, and the Lake Ontario region. The following are the most 
notable departures at various stations: St. Louis, Lidianapolis, India* 
nola, Corsicana, Brownsville, and Denison, from 10.2' to 11.0"; San An^ 
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toaio, North Platte, Concho, and Laredo, from 10.5 ' to 12.1°; Fort 
■Gibson 13.fi ; Cheyenne 13'; Rio Grande City and Fort Griffin, Texiis, 
13.1'; Fort Davia, Teiaa, and Dodge City, 13.7% and Denver, 16.3'. 
Except in the Atlantic States and the Lake Ontario region (where either 
November, 1873, or 187-5, was slightly colder), the present month has 
been the coldest sinco the estaliliahment of the Signal Service stations. 
From detached stations, not included in diatricta, the following depar- 
tures from the mean are noted: Mount Washington, 2.3° below; Pike's 
Peak, 11-2°; Key West, 3.6° below; Punta Rassa, 6.4° above. In connec- 
tion with the extremely low temperature of the month, and the deficiency 
of temperature in Northern Florida and at Key West, it is particularly 
noticeable that the mean temperature at Punta Rassa should be the 
highest of any year since its establishment in 1871; November, 1873, 
only excepted. 

PRECIPITATXOS. 

The general distribution of rain-fall (including melted snow) for No- 
vember, 1880, is shown on the Chart, as accurately aa poaaible. 
from about five hundred reports. The belt of greatest rain-fall extended 
from the mountain region of North Carolina southweatward to Eastern 
Texas, Southern Arizona is the only ssction of country over which no 
rain has fallen during the month. The rain-fall in New England and 
the Middle Atlantic States continues deficient. In the first district, the 
deficiencies since January Ist, 1880, amount to 6.51 inches, iu the latter 
to 4.60. A marked exceaa has been reported from Tennessee, the South 
Atlantic and Gulf States, amounting in the Western Gulf district to 
3.38 inches — the greatest excess of the month. The departures from 
the average precipitation at certain atations in the last-named district 
were as follows: Corsicana, 3.05, above; Shreveport, 2.89 above; Gal- 
veston, 3.30 above; and Vicksburg, 9.52 above; the rain-fall at the la«t 
station was over three times the normal amount. On the Pacific coast, 
the rainfall has been generally deficient, being only about one-third of 
the average. In districts not mimed, the deviations from the normal 
rain-fall have been less important. 

Rainy dat/x. — The number of days on which rain or snow has fallen 
varies as follows: New England, 9 to 31. Middle Atlantic States, 7 to 18. 
South Atlantic States, 13 to 21. Eastern Gulf States, 7 to 18. Western 
■Gulf States, 11 to 23. Ohio Valley and Tennessee, 13 to 17. Lower Lake 
region, 17 to 24. Upper Lake region, 12 to 18. Up)>er Missisiiippi 
Valley, 9 to 14. Lower Missouri Valley, C to 15. Valley of the Red 
River of the North, 9 to 14. Texas, 2 to 17. Rocky Mountains, to 
14. Middle Plateau. 1 to 13. California, 1 to 3. Oregon, 4 to 11. 

Cloudy dayx. — The number varies in New England from 3 to 18. 
Middle Atlantic States, 5 to 15. South Atlantic States, 14 to 30, 
Eastern Gulf States, % to 18. Western Gulf States, 13 to 19. Ohio 



Valley and Teimessee, 10 to 17. Lower Lake region, 13 to 20. Upper 
Lake region, 10 to 19. Upper Mississippi Valley, 9 to 14. Missouri 
Valley, 9 to Vi. Valley of the Red River of the North, 6 to 9. Texas, 
10 to 19. Eocky Mountains, 3 to 9. Middle Plateau, 3 to 9. Cali- 
fornia, 1 to 4, Oregon, 9 to 12. 

Droughts. — Wellington, KauB.,30th, atrearas and springa drying up. 
Mendon, Mass., 30th, many wells dry. Westborough, Mass., 30th, 
brooks, springs, and wella very low, Antrim, N. H., streams un. 
usually low. 

Snow from cloudless ski/. — Lawrence, Kans,, 27th. New Ulm, Minn., 
asth. Santa F6, 5th. 



RELATIVE HUKIDITY. 



The percentage of mean relative humidity for the month ranges 
followa: New England, C3 to 75. Middle Atlantic States, 66 to 90. 
South Atlantic States, 65 to 83. Eaatem Gulf States, 69 to 83. Western 
Gulf States, 64 to 82. Ohio Valley aud Tennessee, 64 to 80. Lower 
Lake region, 69 to 75. Upper Lake region, 66 to 86. Upper Mil 
BJppi Valley, 63 to 71. Lower Missouri Valley, 60 to 79. Red Ri' 
of the North Valley, 78 to 85. Texas, 66 to 82. Middle Plateau^ 

California, 43 to 59. Oregon, 74 to 83. High stations report the fol- 



1 



lowing percentages not corrected for altitude: Mount Washingto 
Pike's Peak, 60.6; Santa Ffi, 55.3; Cheyenne, 56.1; Denver, 64.3. 



88.6;| 



The prevailing winds at Signal Service stations are shown on th»>l 
Chart by arrows which fly with the wind. Westerly winds haT»l 
prevailed in the Lake region aud New England; northweaterly wiuda i 
the Middle States; northeasterly in the South Atlantic and East Gul 
States; elsewhere east of the Rocky Mountains they have been northerly^,! 
except in the Upper Mississippi Valley, where they were from northwea 
to southwest. 

High winds. — Ou Mount Washington a velocity of 105 miles, N.W.,.l 
occnrred on the 2Ist, and 102, N, W., on the 7th and 12th. Maximum.! 
velocities, ranging from 5a to 96 miles, occurred on eighteen other days; ' 
these high winds were from the northwest on all but five days, four from 
the south, and one from the southwest. Maximum velocities, exceed-*'! 
iug fifty miles or more, occurred elsewhere as follows: Kittyhawk, N., j 
50, on the 23d; Cape Lookout, E., 50, on the 4th; Buffalo, S.W., 53,1 
on the 7th; Cape May, N.W., 60, on the 21at; Pike's Peak, W., 70, oa| 
the 20th. 

The following are the largest total movements in the various distriota: 
Pike's Peak, 15,645. Cape Lookout, 12,763. Wood's Holl, 12,316. 
Indianola, 12,109. C*pe May, 11,667. New Shorebam, 11,603. Mount 





L 



THE WK1.THEB. 

WaduDgton, 10,087, incomplete on account of frost-work. Saiiduaky, 
8,976. North Platte, 8,827. Alpena, 8,302. Breckinridge, 8,112. 
Bismarck, 8,085. Winnemucca, 6,040. The nmallest are: Roseburg, 
1,135. La Mesilla, 1,208. Visalia, 1.580. Lynchburgh, 1,722. An- 
guata, 3,066. Salt Lake City, 2,090. Uvalde, 2,620. Helena, 3,838, 
Naahville, 2,893. Leavenworth, 3,031. Springfield, Mass., 3,068. 

Local storms, worthy of record, liave been noted in connection with 
the various high and low areas, except as follows: A yiolent tornado at 
Keachi, De Soto Parish, La., at 4.30 p.m., NoTember 9th. Its course 
was from north to Gouth, in a path about 250 yards wide; length from 
eight to ten miles. On Moore's plantation, four miles distant, a gin- 
house was blown down, killing one man and four mules. The chapel 
and other buildings connected with the Baptist Female College at 
Keachi were unroofed or badly damaged; seven other buildings were torn 
to pieces or much damaged. In Keacbi one person was killed and nine 
were injured, three seriously. 

Whirlwind. — Yuma, Cal., Slst, travelling from southwest to north- 
east; cloud funnel-ehaped; upper end lagged behind so as to incline the 
column about 70" from the perpendicular; cloud about 10 feet in diameter 
and appeared to revolve from left to right. 

Sand-storms. — Viaalia, Cal., 17th, 18th, very severe on the I9th, 
killing large numbers of sheep. Umatilla, Oreg., 7th, very severe. 
Near Mammoth Tank, Cal., 16th, worst ever known; stopped railway 
traOSc for sixteen hours. 

ATMOSPHEHIC ELECTRICITY. 

Thunder-slorms have been comparatively rare, except in the Gulf 
States. Storms were reported from more than one station in that dis- 
trict on the 4th, 5th, 8th to 10th, 12th, lOth, 19th, and 30th. 

Auroras. — On the 1st the aurora was visible in Maine, Vermont, and 
at Bismarck, Dak. On the 2d and 3d it was observed generally in New 
England, New York, and New Jersey, The most southerly station re- 
porting it on the former date was Somerville, K. J., and on the latter 
date, Mooreatown, N. J. It was also observed on the 2d at Saint Vin- 
cent, Minn., and on the 3d at Dayton, Wash. On the 21st a display waa 
observed at Newport, R, I,, AVellsboro, Pa., and Lansing, Mich. On 
the 30th a display was general in the northern part of New England; 
the most southerly station reporting was Somerset, MasB, ; it was noted 
the same day at Oawego, Port Unron, and Breckinridge. Isolated dis- 
plays are reported from New England under dates of t!ie 4th, 6th, and 
10th, inclusive, from Pennsylvania on the 23d and 26tb, from Iowa on 
the 14th, 25th, and 29th, Dakota on the 9th, from Minnesota on the 
20th, 23d, 27th, and 29th, and from Nebraska on the 28th, from Indiana 
a the 20th, from Michigan on the 22d. 
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fl. MONTHLY WEATHER REVIEW. DECEMBER, 1880. 



BAROMETKIC PRESSURE. 

Upon the Chart is sliowu, by the ieobaric lines, the distributioii of 
atmospheric presaurea over the Uuited States for December, 1880. The 
area of highest pressure lies somewhat farther westward thaa UBUal 
and covers the greater part of tlie country from the MisBiBsippi Valley 
westward to the Eastern Rocky Mountain slope. On the Pacific slope, 
the high pressure prevailed on the southern instead of the northern 
coast. 

Departures from normal values for the month. — By comparison with 
the average for the past eight or nine years, it is found that the baro- 
metric pressure for December, 1880, ranged from 0.05 inch to 0.10 below 
the mean in the Atlantic States; greatest departures, —0.10 at Norfolk 
and Wilmington, and —0.12 at New Haven and Wood's HoU. Over the 
Missouri and Upper Mississippi Valleys, an equal excess of pressure pre- 
vailed: greatest departures, +0.05 inch at Keokuk, La Crosse and Saint 
Paul in the latter, and +0.11 at Bismarck and Vankton in the former 
district. On the Pacific coast, the pressure was normal at San Diego, 
0.10 below it at San Francisco, and 0,24 below at Portland, Greg. 

Local barometer ranges, from readings reduced to sea-level, were 
greater than usual, and exceeded 0.75 inch over the entire country, ex- 
cept Southern Florida, Southern Cahfomia, and at a few scattered stations 
in the Southern Plateau district. The ranges in the Atlantic and Gulf 
States generally varied but little from 1 inch. The greatest ranges were 
in that portion of the Lake region and Upper Mississippi Valley over 
which the centre of low area No. V. passed; they increased gradually 
northeastward from 1.47 at Leavenworth to 1.79 (the largest in the 
country) at Escanaba. The smallest range was 0. 49 at Key West. Other 
noticeable ranges were 1.70 at Dodge City, 1.48 at Missoula, and 1,27 at 
Umatilla. 

General barometer range. — The extreme range of the atmospheric 
pressure, reduced to sea-level, was 3.15 inches, from 30.97 at Fort Buford 
on the 26th to 28,82 at Dodge City on the 4th. 

Areas of high pressure during December, 1880, were eight in number, 
three of which were slight and unimportant encroachments of high pres- 
sures from the Pacific Ocean. The five other areas were outflows of very 
coid air from the British Posaesaions, and, except No. V. (which seems 
to hare moved southward from Hudson's Bay), advanced southeastward, 
anparently f rom Saskatchewan. No. VIll. was the most important area, 
1!> 
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it3 passage being marked from the -Hih to the Slst by excessirely I< 

temperatures which materially reduced the mean temperature of 
month, and made in many sections the last half of the moath the coli 
for many years. 

No. VIII. was the most important high area of the month. It 
showed itself by a marked rise in barometer over the valley of the Upper 
Missouri during the 3ith; the next moruing the temperature at Fort 
Garry was —35°. The pressure remained nearly stationary until the 36th, 
when a second rise carried the pressure at Fort Buford to 30.97. The 
area covered the Missouri Valley until the 28th, when it moved rapidly 
southeastward, being central in Texas on the 29tb; midnight barometer 
at Eagle Pass 30.65 or 0.53 above the normal. A portion of the 
remaining in Texas slowly dissipated, while another part moving noi 
eastward covered the Atlantic slope with a pressure decidedly above 
mean during the 31st; Cape Henry barometer that morning 0.30 above 
the normal. Cautionary signals were displayed on Lake Michigan on 
the 37th (highest velocity 35 miles at Milwaukee) and on the 29th (40 
miles at Grand Haven). The minimum temperatures which prevailed 
during the passage of this area east of the Hocky Mountains were the 
lowest observed over the greater part of the country for many years. Ag 
the area moved southeastward on the morning of the 26ch a minimi 
temperature of —44" was reported from Fort Garry. At that time 
temperature of the Missouri and Upper Mississippi Valleys, the Up] 
Lake region, and the North Hocky Mountain slope was below zero, 
the morning of the 29th the area over which temperatures below 
prevailed was extended to include the Ohio Valley and the northi 
parts of Indian Territory and Texas, while at Fort Benton. Montana, a' 
temperature of ~5i)' was observed. This temperature (that observed 
at Pembina on December 24th, 1879, being the same) is the lowest 
ever recorded in the United States, and is within 14.8° of the low- 
est ever reported on this continent (British Arctic Expedition 
of 1875-'76, -730.8 at Floeberg Beach, 82= 27' N. 1 
in March, 1876). On the morning of the 30th, temperatures rangii 
from 0° to —56° were reported from the entire Lake region, the Ohi* 
Upper Mississippi, and Upper Missouri Valleys, the Rocky Mount 
slope southward to include the northern parts of Texas and New Mexico, 
from the greater part of New England, from the Middle States (except 
Southeastern Virginia), from the western half of North Carolina and 
Eastern Tennessee. On the 31st, temperatures below zero prevailed over 
substantially the same region, with the addition of tlie greater part of 
New Mexico and portions of Texas and New England, On that and the 
preceding morning froeziug temperatures prevailed over the entire 
United States except the Pacific coast region, the southern half of 
Florida, and the extreme southwestern portion of Arizona. The follow- 
ing temperatures in Arizona and the Gulf States are noted as of mtereat^ 
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Tucson 35°, Cedar Keys 22°. New Orleans 20°, Ja«kBonville 10", Browns- 
rille 18°, Mobile 14% Montgomery 8", Augusta 7'. Much damage was 
done by the low temperature of this area to the sugar cane in Louiaiana 
and adjoining States. Timely and sufficient warning, however, waa 
given to planters bo that they could take such means as would save the 
largest possible amount of the cane. 

Areas of low pressure. — Sixteen such areas appeared during Decem- 
ber, 1S80. The tracks of thirteen are shown by the Chart. An un- 
usually large number of these areas, sis in number, first appeared on the 
Pacific coast; four of the number crossed the continent. One area 
sprang up in the Lower Lake region, one in North Carolina, two in the 
Gulf of Mexico, and three from the Rocky Mountain region; the three 
remaining probably developed in Saskatchewan. No. IIL, as a whole, 
was the most severe storm, being violent on the Pacific slope, accom- 
panied by tornadoes in Missouri, and marked in the Lake region by the 
lowest pressures and highest winds of the month. Nos. X., XII., and 
Xin. caused strong galea off the Pacific coast, and In connection with 
the last-named area, most violent northeast to northwest gales prevailed 
from North Carolina to Nova Scotia during the 25th and 26th. No. 
XV. was marked by verj' severe gales in the Gulf of Mexico, and along 
the entire Atlantic coast during the 29th, This area moved with unusual 
rapidity, its velocity east of the 100th meridian averaging seventy-five 
miles per hour. The paths pursued by areas for the first half of the 
month were, through their whole extent and without exception, to the 
northward of the 40th parallel. During that time the pressure over the 
country waa comparatively low. During the latter half of the month 
the pressure over the country at large was decidedly above the normal, 
and at no time gave way so as to permit the natural movement of the low 
areas eastward. In consequence the tracks of low areas skirted the bor- 
ders of the prevailing high pressures. The areas on the Pacific slope 
moved southeastward along the coast, and such aa have crossed the con- 
tinent passed southeastward through Texas, and skirting the northern 
coast of the Gulf of Mexico, moved northeastward along the Atlantic 
coast. 

No. III. — This storm waa unusually violent on the Pacific coast. OH 
Columbia Biver, heavy W.S.W. galea, veering to N.W. were experienced 
from November 29th to December 3d, and off the coast of Southern 
Oregon during the 2d and 3d; lowest barometer 29.12, reported by the 
steamer Elder. During the 2d, along the entire coast of California, 
hea\-y southerly gales occurred, in which one or more vessels were lost. 
The storm apparently moving from the northwest, entered Oregon dur- 
ing the 2d: Roseburg barometer that morning, 29.26 or 0.91 below the 
normal. Moving very slowly southeastward, it was central in Utah at 
midnight of the 3d. Its passage through California and Nevada waa 
marked by heavy raina. At San Luia Obispo the rain-fall of the storm 
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waa 4.65 incliea and at Mount St. Helena 6.65. In the Sierra NevatJa 
Mountaina along the Central Pacific Railway, four feet of snow fell upon 
a level. Hailway travel was somewhat delayed by dangerous land-slides 
and heavy snow, hi Western Oregon, the enow-fall was from 2^ to 3 
feet, east of the Cascades. The storm being followed by low tempera- 
tures in the valley of the Columbia, so blocked that river by ice above 
the mouth of the Willamette as to prevent any navigation until after the 
12th. Below the 'Willamette, navigation waa Beriously interfered with 
for several days by an ice-^'orge on Willow bar, four miles long. From 
Utah, the area moved rapidly eastward with decreasing pressure, ami 
was central the afternoon of the 4th, in the Lower Missouri Valley: 
Omaha barometer 0.77 below the normal. At that observation, warm 
(the highest temperatures of the month) southerly winds, with rain, pre- 
vailed in the east and south quadrants of this area while an abnormal 
barometric fall of 0.33 inch in the past eight hours was reported from 
Dcs Moines and a maximum temperature from Leavenworth of 59", At 
the same time in the northwest quadrant, high area No. 11, was rapidly 
advancing, its progresa marked by high N.W. winds with snow, and 
temperatures below zero in Southern Dakota (Deadwood, —11°), 

At midnight on the 4th, barometric low area No, II. had moved 
rapidly northeaatward to tho Upper Mississippi Valley, with abnormiil 
barometric falls in eight hours of 0.38 at Davenport and 0.29 at Mil- 
waukee, while the following high area caused an abnormal rise of 0.31 
at Omaha and 0.35 at North Platte and a fall of S9' in temperature at 
Leavenworth during the same time. Consequent upon such rapid 
changes, numerous tornadoes occurred on the 4th in Southwest Missouri. 
They are elsewhere described under the head of Local Stor7ng. On the 
morning of the 5th, the area waa central, with gi-eatly decreased presanre 
in Northern Michigan; Escanaba barometer 28.92 or 1.09 below the 
normal. At that time the storm over the Upper Lake region {in con- 
nection with high area No. II.) waa unusually severe; maximum wind 
velocity at Milwaukee S.W. 53 miles, and Duluth N.W. 47 miles. As 
navigation had practically closed in the Lake region, few or no disasters 
occurred to shipping on the Lakes. On that day. in connection with these 
areas, the maximum wind velocities, the lowest barometric pressures, and 
highest temperatures of the month occurred at nearly every station in 
the Lake region, the Ohio, Lower Missouri, and Upper Mississippi Val- 
leys. Moving rapidly northeastward down the Valley of the Saint Lav- 
rence, it had reached, with increasing pressure and diminishing violence, 
by the afternoon of the 6th, its northeastern limits. Signals were dis- 
played for this area in the Lake region during the 4t1i and 5th, and along 
the Atlantic coast northward of Macon during the 5th. These signals 
were inatified with but few exceptions, though ordered aomewhat late for 
Lake Ontario, the North Carolina, and Maine coasts. The following ars 
the liigheat wind velocities reported: Cape Henry, S.W. 27; Eastport, 



S.E. 2B; Barnegat. 8. 34; Buffalo, W. 41; Sandusky, S.W. 41; Port 
Huron, S.W. ii; Duluth. N.W. 47; Milwaukee, S.W. 53. 

No, IV, appears to have sprung up from tlie remainB of No, III. As 
that area moved down the valley of the Saint Lawrence on the morning 
of the 6tb, the pressure fell in North Carolina; Kittyhawk barometer 
that afternoon, 0.37 below the normal. The track of the area is uncer- 
tain, but it probably moved northeastward to the Banks of Newfound- 
land in a course nearly parallel with the coast. The lowest pressure 
noted was at Sydney, C. B., the afternoon of the 7th, 29.39 or 0.54 be- 
low the normal. Cautionary signals were displayed during the 6th and 
7th, from Cape Henry to Cape Hatteras. A wind velocity of 40 N.W. 
was reported from the first-named station. 

No. V. first appeared the morning of the 7th, in Nebraska, and, 
moving rapidly eastward, was central in Iowa at midnight; Des Moines 
barometer 0.18 below the normal. It moved thence with great rapidity 
and diminishing pressure to Georgian Bay; Parry Sound barometer A.u. 
of the 6th, 0.33 below the normal; it then followed an euetern conrse to 
the Atlantic Ocean, and was south of Newfoundland on the morning of 
the 9th. Its centre was followed by strong westerly gales, with snow 
in the Lake region. Signals were displayed in the Lower Lake region 
from midnight of the 6th to midnight of the 7th aud were fully justified. 
Erie, S.W. 28 miles, and Rochester, W. 31. 

No. VI, apparently developed in Manitobia during the 10th, and 
moving southeastward, was in Minnesota the morning of the llth. 
Moving eastwardly with diminished pressnre, it was in Ontario at mid- 
night of the 12th; Saugeen barometer 0.49 below the normal. It passed 
thence northeastward through the Canadian maritime provinces to the 
Gulf of Saint Lawrence. Cautionary signals were ordered for all the 
lakes except Ontario, but were not justified, although velocities above 
20 miles were reported from nearly every station. 

No. VII. was apparently central to the northward of Fort Buford at 
midnight of the 12th; moving sontheaatward with rapidly decreasing 
pressure, it was central the morning of the 14th over Lake Michigan ; 
Escanaba barometer 0.67 and Grand Haven barometer 0.68 below the 
normal. It then passed northeastward to the Gulf of Saint Lawrence 
(closely following the path of No. VI, ) which it reached the morning of 
the 16th. The pressure remained very low over the maritime provinces 
from the 16th until the 19th; Sydney barometer at the p.m, report of 
the latter date 0.74 below the normal, after which the pressure rapidly 
increased. Cautionary signalB were displayed in the Lower Lake region 
during the 14th, and were jnatified by the velocities: Port Huron, W. 
23; Sandusky, S.W. 29; BuSalo, S.W. 30, The signal displayed at 
Eaatport on the 15th was also justified by a velocity of E. 36 miles. 

No. XV. appeared on the Oregon const during the 2Cth; Roseburg 
barometer the morning of the 27th, 0.37 below the normal. Its move- 
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ment thence waa very rapid, and. tliough decidedly abnormal, waa verv 
eimilar to that of low area No. XIII, of this month and No. XV. of De- 
cember, 1877. Its centre was apparently that afternoon (27th) in South- 
western Idaho, at midnight in Utah, and on the following morning in 
"Western Texas; Stockton barometer at last report, 0.34 below the normal. 
On the afternoon of the 28th the lowest presBure was in the Rio Grande 
Valley 0.32 below the normal. It moved thence eastward across the 
Gulf of Mexico, and passing over Northern Florida followed, during the 
29th, a northeasterly path, nearly parallel with, and at some distance 
from, the Atlantic coast. The lowest pressure noted on that day waa at 
Cape Lookout, p.m., barometer 0.50 below the normal. Oil-shore signals 
were displayed on the Texas coast from the 26th to the 23th, and cau- 
tionary signals in the Eastern Gulf and along the Atlantic coast a^ far 
north as Delaware Breakwater on the 28th and 29th. Cautionary signals 
■were also displayed from Cape May northward to Eastport from the 
afternoon of the 29th to the morning of the 30th. These signals were 
Inlly justified by the following maximum velocities: Macon and Cape 
Lookout, N.W. 32 miles; Pensacola, N. 40; Wood's Holl, N.W. 43; 
Thatcher'a Island, W. 42; Indianola, N. 51; Cape May, K. 52. 



TEMPERATURE OF THE AIB. 

The mean temperature of the air for December, 1880, is indicated by 
isotherma on the Chart. The mean in every district east of the Rocky 
Mountains has been below the normal. Over the country to the west- 
ward, the temperature has been slightly above the normal, except at Port- 
land, Greg., where a deficiency of 2.3° prevailed. The temperature 
haa been deficient 5' or more over the entire Missouri, Ohio, and Upper 
Mississippi Valleys, the Lake region {except northeastern New York), 
the Middle States, Tennessee, and North Carohna. From the Upper 
Missouri Valley deficiencies are reported, ranging from 10.5" at Bis- 
marck to 13.6° at Fort Buford, and 18° at Fort Shaw. During the past 
ten years, lower mean temperatures during Dccemberoccnrred generally 
east of the Missouri Valley in 1872 and 1876; also in 1878 over the Gulf 
States, and in 1879 over the Missouri Valley. At Baltimore and Wash- 
ington alone, the lowest mean temperatures of the past decade occurred. 
The fallowing deviations at detached stations, not included in the dis- 
tricts, are noted: Mount Washington, 0.3°; Pike's Peak, +1.5°; Key 
AVoat, 2.9°; Punta Rassa, 2.0°. The following are extracts from reports 
of voluntary observers: Kansas: Lawrence, mean 3.05° below that of 
the past twelve years. Holton, month unusually cold. Maine: Gar- 
diner,- month remarkable, not for its extreme cold, but for ita uni- 
formity of temperature; mean temperature for past forty-five years, 
22.10°, for December. 1880, 0.25° below. Man/land: Pallaton, mean 
lowest in past ten years, except December, 1876. Nebraska: Genoa, 
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month very cold. New Hampshire: Lake Village, Lake Winne pise ogee 
closed by ice on the 24th; one to two weeka earlier than uBual, Con- 
tookville, mean, 2° below that of ten yetfrs. New Jereey: Newark, 
mean, 7.3° below the average of 35 years; the last decade of the montii 
lower by 13° than aiieh average. New York: North Volney, mean, 
4.85° below that of December for past ten years. Friendship, coldest 
weather for years. Hector, montlmnusnally cold. Ohio: Hudson, month 
remarkably cold, Pennsylvania: Wellsboro, mean lowest for past 
ten years; during the last four days of the month the temperature 
ranged lower than in any preceding December for twenty years. Vir- 
ginia: Dover Mines, moan 13. 1° lower than in 1879; Wyethville, month 
very cold. West Virginia : Helvetia, coldest in five years. Wellsburg, 
coldest for many years. 

Frost. — Frosts were usually frequent and severe. Those in the Gnlf 
States from the 9th to the 13th and from the 25th to the Slst were ex- 
ceedingly severe, that of flie end of the month injuring vegetation 
in Texas even to the mouth of the liio Grande, and on the Florida 
coast to near Pitnta Eassa. The only sections not visited by frost were 
Southern Florida and the extreme sonthwestem portion of Arizona; 
certain sheltered stations in Southern California also escaped it. 

PHECIPITATION. 

The general distribution of rain-fall (including melted snow) for De- 
cember, 1880, is shown on the Chart, from the reports of over 500 sta- 
tions. The region of greatest rain-fall included the Pacific slope north- 
ward of Central California; on the Atlantic elope the rain-fall was 
heaviest along the coast of New Jersey, Delaware, and Virginia. In New 
England the raiu-fall continued deficient, except in Maine and Connec- 
ticut. The excess in the Middle States waa very marked on the coast, 
and gradually diminished toward the interior. In the South Atlantic 
States the rain-fall waa especially local; the departures from the means 
of various stations being: Jacksonville, 1.90 inches; Charleston, 2.48; 
Cape Lookout, 5.04; Kittyhawk, +0.93; Charleston, -i-4.52. In the 
Gulf States the deficiency was general (except an excess in Eastern Ala- 
bama) and well distributed, with the peculiarity, however, of an excess 
■of 1.67 at New Orleans; over Eastern Texas and Western Louisiana the 
departures ranged from 3.83 inches at Shreveport to 3.50 at Indlanola, and 
3,60 at Corsicana. In the Ohio Valley and Tennessee the deficiency was 
general, with an excess at one station (Cincinnati) of 0.51 inch. In the 
Lake region the greatest deficiencies occurred in the neighborhood of 
Lake Erie and the southwest part of Lake Michigan, The deficiencies 
in the Upper Mississippi and Lower Missouri Valleys were well distrib- 
uted. Over the region of least rain-fall, Kansas, and Nebraska, prob- 
jibly not more than one-quarter of the usual amount fell. The excess on 
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the Pacific alope amoantedatSan Diego to 1.80, atSanFrsiici80oto7.fi 
and at Portland, Oreg., to 7,69 inches. At Bainbridge Island, Wash. 
Ter., the month's rain-fall waa the greatest ever recorded (twenty jears' 
record), being 17.35 inches, which ia 3.55 larger than that of March, 
1875. 

Rainy dayx. — Rain (or melted snow) to the amount of 0.01 inch has 
fallen on an unusual number of days in the country at large. Such days 
generally numbered from 1^ to 23 in the Lake region and Ohio Valley 
elsewhere from the MisBissippi Valley eastward from 12 to 18. On the 
Pacific coast from 10 to 14 in Southern California, and 20 to 24 else- 
where. The stations reporting the smallest number of such days were 
Denver, Dodge City, and Yuma, 3; Eagle Pass and Cheyenne, 4. 

Cloudy days. — The month has been marked by extreme cloudiness 
from the Mississippi Valley eastward. The number of such days has 
generally varied in the Atlantic and Gulf States from 10 to 14; in Ten- 
nessee, the Ohio, and Upper Mississippi Valleys, from 14 to 18, and in 
the Lake region from 30 to 35. Regarding this the following e.ttracts 
from Signal Service observers are noted: Little Rock, 2d, " aun seen for 
the fir at time since November 23d." Chicago, 27th, "sun first seen 
since the 14th," Detroit, 27th, "unbroken cloudiness since the 11th." 
Cleveland, 24th, "unbroken cloudineas since the 15th." Springfield, 
HI., 24th, "eighth day without sunshine." Wellsboro. Pa,, general 
cloudiness prevailed for 26 days — largest number reported. Buffalo, Os- 
wego, and Rochester each report 25 cloudy days. From Denver but one 
and from Yuma but two cloudy day reported. On the Pacific slope 
from San Francisco northward, cloudiness prevailed from 20 to 23 days. 

Rain or snow from a cloudless sky. — Oregon, Mo., 12th; Cincinnati, 
10th; Burlington, Vt., 10th; Springfield, 111., 29th; Bangor, Me., 29th. 

Snow haa fallen almost daily from the 6th in New England, the Lake 
egion, and Upper Missiasippi Valley, and from the 18th in the Ohio 
and Miaaouri Valleys and the Middle States; on the 20th, 21st, 26th, and 
29th, in the South Atlantic States; on the 19th, 20th, 22d, 28th, 29th, 
and 31st in the Gulf States; from the 2d, to oth, 8th, 24th, 28th, and 29th, 
North Pacific region.- The snow-fall in the Northwest districts, though- 
frequent, was much lighter than uaual. In the Atlantic States from 
Couuecticut to the northern half of North Carolina the snow-falls were- 
Uflually large, ranging from 2 to 3 feet. The following special cases are 
noted: 28th, Green Springs, Ala., 7 inches; Okalooska, La., 1 inch; 
29th, Forsyth, Ga., heaviest fall since 1856; Atlanta, " one of 
the heaviest ever known;" Mobile: Montgomery, "6 inches, very re- 
markable, heaviest ever known;" Oolumbus, Ga., 4J inches, "heaviest 
on record;" Augusta, Ga., " heaviest fall since 1857;" 30th, New Or- 
leans; El Paso, Tex.; Rockport, Tex.j 3 inches; 31st, Brownsville, Tetja 
Fort Ringgold, Tex,, 2 inches; Rio Grande City, 1.7 inches, first enm 
aince December, 1866. 
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BELATIVE HUMIDITY. 



The relative humidity, not corrected for eleyation, in the Atl&ntio 
and Gulf States, Tennessee, the Mississippi, Ohio, and Lower Missouri 
Valleys has generally ranged from 70 to 75 per cent ; in the Lake re- 
gions, from 76 to 83 per cent; in Northern California, from 81 to 88 per 
cent; in the Plateau district, from 66 to 78, and Rocky Mountain dis- 
tricts, from 49 to 63. The following percentages are noted as of inter- 
est: Cheyenne, 49; Pike's Peak, 61; Mount AVaehington, 79; Indianoia, 
81; Cleveland, Escanaha, and Grand Haven, 83; Duluth and Sacra- 
mento, 88; Bismarck, 89; Saint Vincent, 91, and Chincoteague, 93. 



The prevailing winds during December, 1880, at Signal Service 
stations are shown on the Chart by arrows which fly with the wind. 
Northwesterly winds have prevailed in New England, Tennessee, th& 
Middle and Gulf States, and from the Mississippi Valley westward to 
the Rocky Mountains, In the Lake region and the Ohio Valley the 
winds were southwesterly. In other districts they were variable, 

Local storms. — The following tornadoes on the 4th were reported by 
the Missouri weather service and tJie voluntary observers of the Signal 
Service in that section. Between the hours of 7 and 8 p.m., three com- 
paratively violent tornadoes, pursuing nearly parallel paths to the north- 
eastward, occurred in Southwestern Missouri in connection with the 
passage of low pressure area No. Ill, The track of the one farthest, 
north passed near the towns of Sarcoxie, Lawrenceburg, and Ash Grove^ 
destroying five buildings and causing much damage to other property. 
The second storm, passing near Pierce City, visited the towns of Verona, 
Brookline, Springfield, and Marshfleld. The third storm passed through 
portions of Barry, Stone, Christian, and Webster Counties, visiting 
the town of Ozark, Several buildings were wrecked and considerable 
damage done, 

ATMOSPHERIC ELECTHICITT. 

Thunder-storms were frequent in Iowa, Missouri, Tennessee, and the 
Ohio Valley on the 4th and 6th, and the Gulf States from the 16th to 
the 19th; elsewhere, few or none were reported. 

Atmospheric electricity interfering with telegraphic communications. 
— Silver City, N. Mex., 29th, Bismarck, 28th, very strong currents on 
wires in all directions. Fort Bennett, Dak., 29th, on wires in all direc- 
tions. 

Auroras. — The remarkable cloudiness of the month in the northern 
part of the United States prevented the display of auroras oven if they 
had occurred. At Saint Vincent, Minn,, however, auroras were ob- 
served on eight out of the eighteen evenings on which cloudiness did not 
prevail. 
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BAKOIIETRIC PRE93UBE. 

The iaobarometric lines oti the Chart show the mean preeanre for the 
mouth of January, 1881. Compared with the chart of the preceding re- 
Tiew, it will be seen that the area of mean high baromator has ndvanoed 
east towards the Atlantic coast, at least within the limits of the United 
States, while the area of mean low barometer remained central in the 
North Atlantic. This easterly movement has been more in the form of 
an extension of the high area of last month towards the east, as the cen- 
tre of greatest pressure remains in the Mississippi Valley, where tho 
mean barometor for the month is slightly below that of the preceding 
month. The most marked change in the mean monthly pressure oc- 
curred on the Pacific coast. The area of mean low barometer, central 
in the North Pacific last month, and including Washington Territory 
and Oregon in the eoutJieastern quadrant, with a pressure of 39.88, has 
I been replaced by a mean pressure of 30,08 at Olympia and 30.14 at 
Portland, and a general increase of pressure at all stations on the coast. 
Compared with January of last year it will be obserred that the distri- 
bution of pressure was strikingly different in the two months. The pres- 
sure during January, 1880, was greatest on the Atlantic coast, with an 
area of low pressure near the centre of thecontinent, and this was accom- 
panied by the highest mean temperature observed for many years at 
northern stations, while the reverse obtains during the January of 1881, 
both OS regards pressure and temperature. 

Departures from rtormal values for the month. — The pressnre has 
generally averaged from Q.Qi to 0.08 inch above the normal, except in 
the Gulf and South Atlantic States, where it has averaged from 0.02 to 
0.05 inch below the mean for many years. The greatest departures are 
obflerved on the Pacific coast, being at OlympiaO.16 inch above. At 
San Francisco and San Diego the pressure ranged from 0.03 to 0.04 inch 
above. 

Barometric ranges. — The barometric range during the month in- 
creaaes with the latitude on the Atlantic coast from 0.45 inch at Key 
"West to 1.42 inches at New York. From New York northward the 
range decreases to 1.01 at Portland, and 1.04 at Eastport. Following 
the Mississippi Valley, the range increases from 0.7S at New Orleans to 
1.33 at Carlo, and thence northward it decreases to 1.14 at Saint Paul, 
1.13 at Saint Vincent, and 1.05 at Duluth. The range increases with 
the latitude on the Pacific coast from 0.48 at San Diego, 0.63 at San 



Francisco, 1.45 at Olympia, and 1,56 at Umatilla. The greatest ranj 
reported are: 1.58 at North Platte, 1.56 at Fort Buford, 1.45 at San- 
duaky, and 1.49 at Philadelphia. The smallest are: 0,36 at Tnceon, 
0.45 at Key West, 0.52 at La Mesilla, and 0.60 at Santa Fe. 

Areas of high barometer. — Eight of these are^ have passed over tl 
districts east of the Rocky Mountaina during the month, and two ej 
tended periods of high pressure occarred on the Pacific coast; the fii 
extending from the opening of the month until the storm of the lOth^ 
and the other from the 16th until the 24th. Higli areas Kc 
and V. appear to have formed east of the Eocky Mountaina, as a part 
the permanent areas above referred to, previoua to their advance 
separate areas of high pressure. The course of these areas over the 
northern districts has caused a marked increase in the mean pressure 
for the mouth in these districts. Generally they were first observed in 
the extreme Northwest, or in the Saskatchewan region, and theiu 
moved first to the southeast and then to the east, over latitudes north 
the mean latitude of the centres of such areas. 

Areas of low barometer. — Nine areas of low barometer appeared witl 
in the limits of the stations of the Signal Service during the month,' 
three of which (Nob. I., III., and V.) originated south of the 30th par- 
allel of latitude. Three probably originated in the North Pacific and 
three (Noa. II., IV., and IX.) were first observed on the eastern elope 
of the Eocky Mountaina. No. IX. was preceded by violent storms and 
heavj- rains on the Pacific coast, and reports from mountain stations in- 
dicate that a slight depression crossed the Kocky Mountains south 
Salt Lake on the 30th. 

No, V. — The gradual fall of the barometer over the region of the 
Gulf, and the heavy rains in Florida on the 8th, indicated the develop- 
ment of a low area in that region. High winds were reported from Key 
West and Cedar Keys on the night of the 7tb, resulting from a slight 
depression, which disappeared during the day, leaving the barometer 
low over the Gulf, with conditions indicating the speedy development 
of a severe storm. The centre of disturbance ap})eared to be in the West. 
Gulf, to the south of Galveston, during the 9th, the wind reaching a- 
velocity of 43 miles from the north at Indianoia, and 28 miles from the 
northeast at Galveston. Heavy rain occurred at stations on the Gulf 
coast during the day, and by midnight i-ain or snow was reported frota.' 
all districts east of the Mississippi. The barometer fell rapidly during! 
the night, and the advance of the high area from the northwest was 
companied by a rapid transfer of the centre of disturhance from 
Mobile, Ala., to the Middle Atlantic coast during the eight hours 
lowing the midnight report of tlie 9th. The pressure continued low 
the South Atlantic States, with variable winds on the moruing of 
10th, but during the day the winds shifted to the north and west, witl 
a decided fall in temperature and increased pressure, and by the 
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ing of the 11th the centre moved to the northeast over the New- 
England coast, causing Tiolent northeasterly galea and very heavy rains 
at etatioDB located near the track of the oentro of greatest depression. 
The region of snow extended from Texas northeast to New England, 
where trains were delayed several hours during the 10th and 11th. 
Many observers located in the northeastern section of the country re- 
ported this aa the severest storm of the aeaaon. At Bellows Falls, Vt., 
nearly three feet of snow reported. The obsorrer at Portsmouth, N'.H., 
reports storm outside of harbor particularly severe, large fleet of vessels 
in harbor. Toronto observer reports heavy snow-storm throughout On- 
tario. The British brig Happy Return went ashore near Nantucket 
teacon; total loss. A violent southeast storm occurred at Provincetown, 
Mass., causing some damage to shipping on the 10th. Voluntary ob- 
servers throughout New England report from 12 to 18 inches of snow. 

No. IX. — This storm ia marked on the Chart as first central in North- 
ern Texas at midnight of the 30th, bnt it is probable that it passed from 
the Pacific coast, or that its development was due to the heavy rain in that 
region on the previous day. The course of the centre after its first appear- 
ance was to the northeast until the centre reached the Ohio Valley as a well- 
defined storm, accompanied by a very heavy rain near the central area, 
which, at that time, was marked by a small elliptical isobar of 29,80, 
central near Louisville at the 11 p.m. report of the 31st. The succeed- 
ing reports show that the direction of the area changed slightly on the 
following day, and that it passed oS the South Atlantic coast; causing 
dangerous winds as far north as Boston. 



TEMPEBATUBK OP THE AIH. 

The mean temperature of the air for January, 1881, is shown by the 
isothermal lines for the month on the Chart. The average temperature 
of the month has been below the normal in all districts east of the Eocky 
Mountains, and also in the southern districts on the Pacific coast, where 
it has averaged from 1.3" to 2.5° below. The greatest departures oc- 
curred in Texas, and northward to British America, and northeastward 
over the Lake region, where the temperature has ranged from G.5° to 9.0° 
below the normal of the month. On the Pacific coast the temperature has 
averaged 3.5% above the normal in the central districts, about normal in 
the northern districta, and 3,5" above in the region of Salt Lake. The 
departure from the normal temperature has been greater than during 
the preceding month, which was the coldest, as compared with records 
of previous years, since the establishment of the Signal Service. This 
month has been the coldest ever observed in the northern and eastern 
districts, excepting that of January, 1876; while in the Southern States, 
east of the Mississippi, the only years showing a lower temperature were 
those of 1872 and 1873. At Washington, D. C, the average tempera- 
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tore was lower than that of any preceding January of which this offi 
has any reliable record. 

PEECIPITATIOS. 

The distribution of raio-fall for January, 1881, is shown on the CI 
aa determined from the regular Signal Service stations and about 450 
ports of army post surgeons and voluntary ohservera. The table on tl 
chart ehows the average precipitation for each district as compared wii 
that of the present month. An excess of rain or snow-fall has occurred 
in the districts on the Atlantic and East Gulf coasts, varying from 3,80 
inches in Florida to 0.83 inch in Hew England. In the Middle and^ 
North Pacific coast region the excBsa has ranged from 2.01 to 2.16, wi 
the greatest deficiency is reported from the South Pacific coast regioi 
where it amounts to 1.26 inches. In Missouri, Tennessee, and Ohio^ 
Valley and the Lower Lake region, the amount rain and snow-fall has 
been from one-haU to one inch less than the average tor the month, and 
in all other districts not previously named there haa been a slight excess, 
except, possibly, the region lying south of the Platte over and north of 
Texas. In this region the stations are so limited in number that it is 
not possible to give full and accurate information, but the iadicatioos 
are that the raiu-fall has been very slight in this region. 

Rainy dai/s. — The number of days on which rain or snow has faih 
varies as follows: New England, 7 to 18; Middle Atlantic States, 11 
16; South Atlantic States, 10 to 18; Eastern Gulf States, 11 to 16; W< 
em Gulf States, 6 to 13; Ohio Valley and Tennessee, 13 to 
Lake region, 10 to 24; Upper Lake region, 10 to 30; Upper 
Valley, 3 to 18; Missouri Valley, 8 to 17; Valley of the Red Hiver 
the North, C to 11; Texas, 3 to 13; Eocky Mountains, 1 to 13; Mid< 
Plateau, 6 to 18; Southern Plateau, to 3; California, 3 to 11; Oregoi 
10 to 19; Washington Territory, 12 to 19. 

Cloudy days. — The number varied in New England from 3 to l&j 
Middle Atlantic States, 10 to 16; South Atlantic States, 13 to 20; East-- 
ern Gulf States, 8 to 21; Western Gulf States, 9 to Iti; Ohio Valley and 
Tennessee, 14 to 32; Lower liake region, 15 to 25; Upper Lake region, 
C to 18; Upper Mississippi Valley, 9 to 17; Missouri Valley, 7 to 15; 
Valley of the Red River of the North, 4 to 6; Texas, 2 to 21; Eocky 
Mountains, 1 to 21; Middle Plateau, 10 to 16; Southern Plateau, 2 to 5] 
California, 5 to 10; Oregon, 12 to 19. 

Rain or snow from a cloudless sky. — Leavenworth, 21at; Omaha,; 
21st, 23d; Cincinnati, 27th; Lewiston, Idaho, a8th; Burlington, VLj 
30th. 

Snow was reported in the various districts on the following days: 
New England— 3d to 12th, 14th, 17th, 18th, 19th, 21st, 32d, 86th to 
31st. Middle States— 1st to 6th, 9th to 12th, 14tb, Itith, 19th, 2lBt to 
31st, South Atlantic States (except Southern Georgia)— Ist to 3d, 24tli, 
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35th. East Gulf States {except Florida)— 1st, 2tl, 23d, 24th. West 
Gulf States (including Texafi)— 1st to 3d, 5th, 8th to 11th, 17th, 19th, 
20th, 22d to 24th; at New Orleans 4 inches Ml on the 24lh, being the 
greatest depth eince 1852, when eleighing was indulged in; Melissa, 
Tex., "have had bo far seven Bnow-stonns this winter, which is five 
more than has ever occurred in any past winter, but frequently one 
storm has given a greater depth than the combined storms of this 
season." Tennessee— 1st, 2d, 4th, 5th, 6th, 9th to 14th, 21st to 26th. 
Ohio Valley— 3d to inth, 2l3t to 31st. Lower Lakes— 3d to 17th, 2l3t 
to 31st, Upper Lakes — 1st to 16lh, 20th to 3lBt, Upper Mississippi 
Valley— 4th to flth, 13th to 16th, 20th to Slst. Missouri Valley— 1st to 
16th,"20th to 31st. Red River of the North Valley— 1st, 5th, 7th, 8th, 
9th, 12tb to 15th, S9th to 3l9t. Rocky Mountains— 1st to 17th, 20th 
to 31st. Southern Plateau- ad, 3d, 4th, 6th, 14th, 16th, 17th, 18th, 
20th, 30th. Middle Plateau— let, 4th to 11th, 13th to 16th, 25th, 26th. 
Northern Plateau— 3d, 4th, 7th, 9th, 10th, 16lh, 19th, 26th. California 
—9th, 10th, 13th, 15th, 16th, 17th, 19th, 26th, 26th. Oregon and 
~ " rton— 2d, 3d, 9th to 15th, 17th, 24th to 28th, 31st. 



RELATIVE HUMIDITY. 

The percentage of mean relative humidity for the month ranges aa 
follows: New England, 64 to 75; Middle Atlaotic States, 70 to 84; 
South Atlantic States, 71 to 85; Eastern Gulf States, 73 to 81; Western 
Gulf States, 64 to 82; Ohio Valley and Tennessee,69 to 80; Lower Lake 
region, 66 to 83; Upper Lake region, 68 to 81; Upper Mississippi Valley, 
71 to 77; Missouri Valley, 71 to 92; Valley of the Red River of the 
North, 69 to 9.3; Texas, 52 to 77: Middle Plateau, 48 to 64; Southern 
Plateau, 39 to 47: California, 63 to 82; Oregon, 78 to 87. High stations 
report the following percentages, not corrected for altitude : Mount 
Washington, 74.2; Pike's Peak, 69.8; Denver, 58.5; Cheyenne, 57.5; 
Eagle Hock, 77.7; Santa F6, CO.O. 



The prevailing direction of the wind during the month of January, 
1881, ia shown by the arrows flying with the wind on the Chart. The 
prevailing direction was northwest to north on the Atlantic coast, in the 
Southern States, and at stations on the eastern slope of the Rocky 
Mountains. North to east winds prevailed in California and Arizona, 
and east to south winds in the North Pacific coast region, and at stations 
in Nevada and Idaho. In the Lake region the prevailing direction waa 
from northwest to southwest, except in the eastern portion, where it was 
generally from the south. The prevailing direction of wind at Pike's 
Peak and Denver was from the southwest and south respectively. The 
prevailing direction on Mount Washington was northwest. 
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High teindt. — ^Winds of 50 miles and above were obaerred as toiltn 
On Bnmmit of Mount Waahington, let to 10th, 12th to 15th, 17th, 1* 
30th to 31st; the highest wind was 130 miles S. on the 10th and N.W. 
on 29th. On summit of Pilce's Peak, 4th, 9th to 12th, 36th to 30tb, 
with a maximnm of S.W. 88 miles on the 28th. Umatilla, N.E. 58 on 
the 26th. Cheyenne, W. 52, Ilth. North Platte, N. 52, 5th. Fort 
Elliott, N.W. 52, 5th. Kittyhawk, N. 56. 14th. Delaware Break- 
water, N. 53, 14th. Cape May, N.W. 56, 37th. Wood's Holl, S.E. 56, 
10th. Thatchers Island, E. 66, 31st. New Shoreham, N.E. 60, 21st. 

Local storms. — Santa Anna Valley, Cal., 21st, p.m., violent wind- 
■Btorm, destroying buildings and fences, delaying trains, and proetrsting 
telegraph poles. Petersburg, Va., 19th, rery heary wind-storm; large 
ivarchouse destroyed, and other property more or less damaged. 

Droughts, — Springfield, 111., 20th, wells and cisterns drying np; 31st, 
river so low that it has become nearly stagnant, and gives forth a bad 
■odor; farmers have been hauling water from city for past two weeks; 
drought has been general and very severe in the central portion of the 
State. Peoria, III,, 25th, much suffering from want of water. Holton. 
Eans., Slst, month remarkably dry. Lawrence, Kans,, 31st, vfiry dry: 
rain-fall 0.99 inches below the average for the past thirteen years. Yates 
Centre, Kans., Slst, dryest within the memory of the oldest settler; 
■streams and wells very low; stock driven three miles for water. Cres- 
well, Kans., 31st, wells and springs almost exhausted. Missouri weather 
.service reports a monthly rain-fall at the central station of 0.39 incbeE, 
the smallest recorded sinco ISST; lowest previous rain-fall was 0.41 inch 
in 1857, and only twice since 1839 has the January rain-fall been less 
than 0,50 inch. Mendon, Mass., 31st, much need of rain; wells and 
cisterns dry. Auburn, N. H,, 31st, wells and cisterns dry in many 
localities, Woodstock, Vt., 31st, drought throughout month, and still 
continues without abatement'; but two families in the city have sufficient 
water for household purposes; farmers compelled to haul water for stock 
from long distances. 



ATMOSPHEBIC ELECTHICITT. 



Auroras. — Faint auroral displays were observed at Saint Vinc€ 
Minn, {themostnortherly of Signal Service stations), on the 2d, Slst, 33d. 
23d, 34th, 26tli, and 29th. With these exceptions, no display was ob- 
served outside New England or south of the 42d parallel save that of 
the 31st. "" 

Atmospheric electricity interfering leitk telegraphic communieatiim,4 
Accompanying a very severe snow-storm of the 6th, which prevailed 0T< 
a space of about 800 miles in width along the line of the Union Pacific 
Railroad, between Omaha and Ogden, there was experienced a very posi- 
tive display of electrical distarbance- For twenty-four hoars the tele- 
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grftph wires were rendered uselesa, the intensity bfiing Bhown by the 
fact that when the telegraph key was opened, a steady electric light 
burned at the connecting points. According to the records kept by the 
<:hief operator of the UnioD Pacific Railroad telegraph lines there ia but one 
exception in the past 12 years to the regular yearly occurrence of simi- 
lar storms between the 5th and 7th of January. At Fort Apache, 
Ariz., on the 16th, wires could not be worked for a considerable time. 

ASCERtCAK STORMS ADVANCING IN A BODTHEASTEELT IJIRECTION." 

ContribuHont to Meteorology, being Results derived from an Examinu- 
iionofthe Observations of the United States Signal Service, and from 
other Sources ; by Elias Loomis, Professor of Nat. Phil, in Vale 
College. 
During the colder months of the years, storms while crossing the 
United States frequently advance, during a portion of their course, in a 
direction from northwest to southeast. This direction ia not confined 
to any particular section of the country, but occura most frequently in 
the region between the Bocky Mountains and the Mississippi River. 
This course is seldom maintained as far south as the parallel of 30°, and 
after reaching its most southerly point, the storm frequently changes 
its course towards the northeast. The following table shows those cases 
in which storms have advanced towards the southeast as far as the par- 
allel of 28°. The first six columns describe each storm as long as its 
course continued southeasterly; the lust column gives some indication of 
the subsequent course of each storm. 



So 


Date. 


L.lltude. 
beg. end. 


Lonylludo. 


Coorwi 


Vf[. 
InUeB. 




1 


1874. 


Feb. 


17.2-18.B 


83-27 


8ft-79 


S.E, 


21.8 


Unbnown, 


8 




Apr. 


15.8-ia.S..... 


41-26 


101-89 


8.E. 


31.1 


Uokiiown, 


« 


1876. 


Jm. 


15.1-18.2 


44-87 


108-91 


S,E. 


87.1 


UDlfuuwn, 


4 


1876. 


Feb. 


3.4.1 


33-38 


98-80 


S.E. 


38.4 


Unknown. 


G 




Mch. 


6.2-13.1 


47-27 


137-89 


S.E. 


].'S,7 


Uiiknown. 


< 




May 


6.8- 7.8 


33-37 


100-83 


8.E. 


25.0 


Unknown. 


7 


1877. 


Jan. 


4.8-5.8 


46-? 8 


100-90 


8.S.E, 


40.4 


NE. 


8 




Mch. 


3I.a-34.1 


43-38 


100-95 


8.S.E. 


33.5 


N.B. 


Q 




Dec. 


19 -20 . ., 


44-28 


103-98 


S.E. 


10.0 


N. 


10 




Dec. 


23 -37.8 


47-27 


103-95 


8.E. 


29,7 


N.E. 


11 


1878. 


Feb. 


1.1- 3.3 


33-88 


96-84 


8.E. 


18.8 


N.E. 


12 




AUR. 


20.2-84.3 


38-23 


83-81 


S.8.E. 


16.1 


Became eilinct. 


13 




Nov. 


16.2-17.3 


38-34 


108-93 


S.S.E. 


34.0 


N.E. 


14 1879. 


Jan. 


6.3-7.3.... 


88-17 


110-88 


S.E. 


39.2 


N.E. 


15i 


Jan. 


8.8-11.1 


49-37 


119-98 


8.B. 


80.4 


N.E. 


*1 


May 


4.1- 6.1 


34^24 


101-96 


S.S.E. 


16.1 





We see from this table that the average velocity of these storms while 

pursuing their course toward the southeast, was twenty-four miles per 

hour, which diffe rs but little from the average velocity of storms in other 

' Read before the National Academy of -ScienceB, New York, Nov. 18th, 1881, 
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■i 


Dm. 


it 
It 


si 


Ooiuw. 


VbI. 


^T 


— 


J 


1872. Not, 


6.1- 7.3 


26-47 


85-66 


KN.E. 


60.4 


39.71 


Unknown. 


2 


Nov. 


7.3- 8.8 


35-301 B5-78 


E.N.E. 


21.1 


39.74 


Unknown, 


3 


Dec. 


9.S-18.3 


36^7ij01-B7 


N.E, 


38.6 


38.68 


Unknown, 


4 


Deo. 


28,3-37.2 


35-M 


95-58 


N.E. 


30.8 


ae.i7 




6 


1873. Feb. 


19.1-32.1 


31^ 


98-64 


N.E. 


86.1 


39.17 


Unknown. 


6 


May 


4.1-10.1 


24-43 


98-81 


N.E. 


15.8 


39.57 


Uo known. 




Sept. 


18.1-20.1 


24-34 


92-94 


N.E. 


34.8 


80 57 


Uuknown. 


e 


Sept. 


23.5-34.1 


25-36 


86-72 


N.E. 


28.6 


■39.78 


UnknoM-n. 


e 


Ocl 


6.1- 8.2 


36^3 


87-83 


N.E. 


S3. 9 


30.03 


TowMtia N.W. 


lo 


Dec 


34.2-37.1 


24-43 


88-62 


N.E. 


80.4 


39.37 


Unknown. 


11 


1874. Jan. 


5.3- 9.1 


35-40 


87-88 


N.N.E. 


18.0 


39.43 


Unknitwn. 


13 


Feb. 


7.2-11.1 


35^0 


82-58 


N.N.E. 


25.0 


28.95 


TowHrd§ N.W, 


18 


April 


17.3-34.1 


24^6 


94r-59 


N^. A N.E. 


29.7 


29.86 


Unknown. 


14 


Sept. 


3.3-lO.a 


33-50 


99-89 


North. 


31.6 


30.47 


Unknown. 


16 


Sept. 


37.1-80.3 


35^9 


87-66 


N.N.E. 


86.0 


28.94 


Unknown. 


le 


D». 


18,3-21.1 


3B-39 


M-63 


N-B. 


84.8 


89.38 


Unknown. 




1875. Nov. 


6.1- 7.3 


25-31 


98-78 


E.N.E. 


83.9 


30.82 


Unknown. 


18 


1878. Oct. 


19.1-31.1 


31-83 


83-73 


E.N.E. 


10.5 


3B.61 


Not tru«-BbIe. 


in 


1877. Sept. 


Ifl. 1-21.8 


36-31 


96-76 


E.N.E 


10.7 


39.40 


Unkn»)wn. 


20 


1673. Jan. 


6.1-13.3 


34-46 


100-.-i6 


N.E. 


26.4 


28.80 


Not tiw,08ble. 


81 


Feb. 


26.3-38.1 


34-30 


92-71 


KN.E. 


31.1 


39.71 


Came from N.W. 


23 


Mch. 


17.H7.3 


23-25 


85-78 


E.N.E. 


? 


39.79 




. S3 


Mch. 


19.8-33.3 


35-37 


95-78 


East. 


IS.O 


29.71 


Came from W. 


24 


July 


3.1- 2.3 


25-27 


86-78 


E.N.E. 


33.8 


29.77 


Not traeeftble. 


1 ^ 


Sept. 


84 -S3 


16-33 


70-61 


N. & N.E. 


10.1 


39.70 


Not traceable. 


28 


Oct. 


31.1-34.2 


20-38 


81-57 


N. &E. 


27.5 


28.83 




27 


Nov. 


13.8-20.1 


32-44 


97-57 


E. & N.E. 


24.5 


29.88 


Not tmccftble. 


•i» 


Nov. 


17.3-31.1 


34-47 


93-57 


N.E. 


40.3 


29.47 


Ciune from N.W. 


2& 


1879. Nov. 


19.1-30,3 


33-19 


74-80 


N.N.E. 


48.8 


20,00 


Not traieable. 


80 


1880. Jan. 


24 -38.1 


21-38 


80-75 


North. 


14.3 


29.68 




31 


Mch. 


7.8- 9.2 


26-33 


90-74 


KN.E. 


88.0 


39.86 


Not imoeablo. 


83 


May 


3.1- 6.3 


36-47 


03-59 


N.E. 


28.8 


29.79 


Unknown. 


33 


Aug. 


19 -20 


20-37 


78-74 


N.N.E. 


13.4 


29. S6 


Towards N.W. 


L 1 
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8. MONTHLY WEATHER REVIEW. FEBRUARY. 1881. 



B4BOMETBI0 PBB3SUEE. 

The mean preaaure of the air over the United States and Canada for 
the mouth of February, 1881, ia shown by isobars on the Chart. The 
eastward movement of the area of high barometer (noted in the laet 
month's review) has been still more marked during the present month, the 
region of maximum pressures having been transferred from the Missis- 
sippi Valley to the Atlantic States, while the area of lowest barometer 
occupies the region covered by the maximum pressures of December. 
1880. A glance at the Chart at once reveals the effect of this redistri- 
bution of pressure upon the prevailing direction of the wind in the Quit 
States, Tennessee, the Ohio Valley, and Lake region. On the Pacific 
coast the highest pressures are over California, and the northerly winds 
along the coast would seem to indicate that the region of maximum 
barometer is over the ocean. 

Departures from Ihe normal values for the month. — The region of 
greatest departure from the normal covers Northeastern New York, 
Vermont, and New Hampshire, being +0.15 at Albany and Mount 
Washington, and +0.16 at Burlington; along the New England coast it 
averages about + 0.13, while the line of + 0,10 runs from Cape May 
northwestward to Lake Superior, From this line of +0.10, in a south- 
westerly direction, it gradually decreases toward the lino of no depar- 
ture, which runs through Florida. Georgia, Northern Alabama, Tennea- 
eee, and Missouri. At ludianola the departure is — O.OG and at New 
Orleans —0.03. On the Pacific coast and in the Bocky Mountain region 
the departures are zero or quite small. 

Barometric ranges. — The range of pressure during the month has 
varied in the extremes from 0.36 inch at Key West to 1.72 inches at 
Burlington, Vt, Ranges of 1.00 and above were reported from stations 
in Washington Territory, Montana, and Dakota, then southward to 
Brownsville, Tex., and northeastward over the remaining sections of the 
country to the Atlantic coast (except the East Gulf States), with but the 
variance of a single station, viz.. Little Rock, Ark., 0.96. Throughout 
the territoiy included between the parallels of 30° and 47° and west of 
the 102d meridian, the range varies from 0.3i at San Diego to 0.95 at 
Umatilla. Along both the Atlantic and Pacilic coasts the range in- 
creases with the latitude; along the southern boundary of the United 
States the range increases quite rapidly from both California and Florida 
inward to the maximum in Lower Texas. The smallest ranges occur at 
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the Bouthem atations — Key West and San Diego; the largest in i 
Upper Lake regioa and New England. 

Area.i nf high baromeier. — Seven of these have been safBciei 
marked to merit a brief description. The most remarkable was No. ] 
vbich occupied, in the last days of January, the Lake region, and c 
tinned in the same district until the 7th. It is, perhaps, due to this 
high area that the barometer for the month is generally above the mean 
east of the Mississippi River and the temperature below the mean for 
the same period. High areas Noa, IV. and V. should, for the Pacific 
coast, be regarded as a single high pressure. As usual, all the minimum 
temperatures of the month are associated with the high barometers. 

No. V. — The barometer remained above the mean on the Pacific 
coast on the 18th and I9th, although the area of the highest pressure 
had to be transferred to Texas. On the 30th a slight rise took place 
in Oalifornia, the barometer reading 30.4 at Red BluH and at ^cnu 
mento. On the 2Ist the highest area moved eastward over the Northern 
Plateau. Maximum readings were reported at Roseburg of 30.48, or 
0.41 above the normal, and at Boise City of 30.5 or 0.43 above the nor- 
mal. On the 33d from Washington Territory to Dakota the barometer 
averaged more than 0.3 above the normal. On the 23d the area of high- 
est pressure was rapidly transferred to the Northwest and thence to the 
Upper Lake region. On the 24th, with diminishing pressure, this high 
barometer disappeared in advance of low area No. IX. During the 
continuance of Noa. IV. and V. on the Pacific coast no rain fell from 
the afternoon of the 18th until the 25th in California, Nevada, Utah, 
and Arizona. 

Areas of low barometer. — Ten snch areas have had their tracks 
charted for the month of Febmary, 1881. Of these, two — Nos, III. and 
IV. — appear to have been developed in the Gulf of Mexico. One only 
— No. II. — with a defined track within the limits of the chart crossed 
the Rocky Mountains from the Pacific coast, and this disappeared in the 
Lower Missouri during the rggime of high area No. I. in the Lake 
region. Pour — Nos. VII., VIII., IX., and X. — have their tracks first 
charted in the Northwest. Special attention is invited to the tracks of 
low areas Nos. Ill, and IV., which are abnormal; a comparison made 
with the charts of the storm tracks for the month of Febmary in pre- 
vious years shows that not since the establishment of the Weather Ser- 
vice have any storms pursued for this month so northerly a course. 
These storms were both severe. No. IV. being in some respects the most 
violent of the month. The great floods of February were all due to 
these two storms. The closest comparison is in February, 1874, when 
several tow areas developing in the Southwest moved in a northeasterly 
track over the United States, but, as before stated, this office has no 
record of any storm tracks for February which pursued a course so 

rly to the north. The maximum temperatures of the month i 
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generally associated with the progress of storm centrp 'So. X. across the 
country. 

No. III. — For aereral days before the 8th the barometer had been 
below the mean in the southwest, but with no welt-defitiod centre of 
depression. On this day the greatest fall was at New Orleans, where, 
at the midnight obaervation, the barometer wns 29,61, or 0.53 below 
the normal. On the 9th the centre of low area moved in a northerly 
direction into Indiana, the barometer at Indianoplis, 29.38, being 0,72 
below the normal. On the 10th the centre of low area pursued its track 
to the north, but ilnrin^ the day there was a great fall in pressure over 
the Lower Lakes, Middle States, and New England. Very heavy rain, 
with consequent floods, was reported from the Southern States and the 
Ohio Valley. Cautionary signals for this storm were ordered on the 
8th from Mobile to Cedar Keys, on the 9th from Jacksonville to Wil- 
mington, and from Kittyhawk to Sandy Sock; these were generally 
justified by the following velocities: Mobile, 28 S.W. ; Pensacola, 28 
S.W.; Cedar Keys, 25 E.; Smithville. 28 S.E,; Kittyhawk, 32 S.; 
Chincoteague, 30 S.E. ; Delaware Breakwater, 42 8.; Cape May, 39 
S.E. Cautionary signals were ordered for Lake Michigan on the 9th^ 
and were justified by the following velocities: Grand Haven, 33 N.W.; 
Milwaukee, 43 N.E. 

No. IV. — After the passage of low area No, III. there was a sharp 
rise in pressure over the Lower Mississippi Valley, while along the Eio 
Grande the barometer continued very low. On the 10th the pressure in 
the Gulf began to yield in advance of low area No. IV., which was a 
secondary development in the Gulf of low area No, III.; its centre at 
the midnight report of the 10th was located in Western Louisiana. On 
the lltb, pursuing a track nearly parallel to No. III., its centre ad- 
vanced into Illinois and Indiana, where the barometer wae in gener a 
three-foartha of an inch below the mean. On the 12th, still continuing 
its northerly direction, the centre of low barometer was at the afternoon 
observation near Alpena, where the pressure of 39.22 was 0,9 below the 
normal; the depression then changed its path to theeastwai'd, tniversing 
on the 13th the Saint Liiwrence Valley and New England. The heavi- 
est rains accompanying this storm occurred in New England. High 
northeast gales, with heavy snow, were reported from the Northwest and 
Upper Lakes, and after the passage. of the centre of depression in the Ohio 
Valley and Lower Lakes a great fall occurred in temperature, accompanied 
by light snow and followed by clearing weather. Cautionary signals for 
this storm were ordered on the 10th from New Orleans to Pensacola. on 
the 11th from Smithville, N. C, to Thatcher's Island, and on the 13th 
at Portland and Eaatport. The signals on Luke Michigan were con- 
tinued from the previous storm. These signals were generally justified 
by the following maximum velocities: New Orleans, 28 N.W.; Mobile, 
2S S.W.; Pensacola, 31 S.W.; Smithville. 34 S.W. ; Wilmington, 30 
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S.W.; Macon, 33 S.W.: Hatteras, 40 W. ; Kittyhawk, 42 S. ; 
Henry, 32 S.W.; Norfolk. 33 S.W.; Chincoteagne, 40 S.E.; Delaware" 
Breakwater, 68 S.: Cape May, 50 S.: Bamegat, 36 S.; Sandy Hook, 28 
W.; New York, 32 8.E.; New London. 32 S.E,; New Shoreham, 40 
W.; Newport, 39 W.; Wood's Holl. 48 W.; Boston, 35 W.; Thatcher's 
Island. 40 N.E.: Portland, 33 E.; Eastport, 40 S.E. On the 12th the 
cantionary signals were clianged to cautionary off-shore signals from 
Sraithville to Thatcher's laland, and were generally justified, both as to 
direction and as to velocity. ■ 



TEMPEBATUEE OF THE AIE. 

Temperature of the air. — The mean temperature of the air for Feb- 
ruary, 1881, is shown by the isothermal lines on the Chart. Throughout 
the whole country of the east of the 107th meridian, includ' .g the north- 
ern Socky Mountain elope, but excluding New England and the Florida 
peninsula, the temperature has been below the normal. In the two 
latter districts and in the Northern Plateau region it has experienced 
change, while to the westward in the remaining districta the tempei 
ture has risen above the normal. The following targe abnormal di 
viations may be noted: Port Bennett, —14.7°; Omaha, —9.7*; Dod| 
City, -9.0"; Leavenworth, - 7.9°: Yankton, - 7.2'; North Platte, 
—6.8°; Fort Gibson, —6.6'; Port Sill, —6.2°; La Crosse,— 4.5° 
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PBECIPITATION. 

The general distribution of rain-fall (including melted snow) for Fel 
niary, 1881, is shown on the Chart from the reports of over 500 statioi 

The regions of greatest rain-fall are to be found along the Pacific ci 
north of parallel 40°, in Northern Texas, Northern Ilhnois, in 
Western Gulf States, and Western North Carolina. The region of no 
precipitation, covering u territory of about 200 miles square, embraces a. 
portion of Southeastern California and Southwestern Arizona. As com- 
pared with the mean of past years, the rain-fall for the month is in gen- 
eral considerably above the average. The most marked departureiki 
occurred in the Middle and Northern Pacific coast regions. Lower MiB-. 
souri Valley, Upper Lake region. Middle Atlantic States, and in tha* 
central portion of the Western Gulf States. Departures of excess at 
particular stations were most marked in these districts. In Sonthent, 
Florida, Southern Dakota, and along the California coast south of 
parallel 40% individual deficiencies were quite prominent. The rain-' 
fall of the Rocky Mountain and Plateau districts, nearly always com- 
paratively low, was quite evenly distributed, except in a narrow regit 
extending northward from Salt Lake City, 

Rainy days. — The number of days on which rain or snow has fallei 
varies aa follows: New England, 9 to 18; Middle States, 10 to 
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South Atlantic States, 7 to 12; Eastern Gulf States, 5 to 12; West- 
ern Gulf States, 10 to 13; Ohio VuUey and Tennessee, 12 to SO; Lower 
Lake region, 16 to 22; Upper Lake region, nto20; Upper Misaiasippi 
Valley, 10 to 18; Missouri Valley, II to 16; Valley of the Red River of the 
North, 12 to 19; Texas, 1 to 9; Rocky Mountains, 2 to 10; Middle Pla- 
teau, 3 to 16; Southern Plateau, to 5; Oalifomia, 3 to 14; Oregon, 
6 to 14; Washington Territory, 7 to 19. 

Cloudy days. — The number Taried in New England from 3 to 13; 
Middle Atlantic States, 3 to 13; South Atlantic States, 5 to 13; Eastern 
Gulf States, 3 to 12; Western Gulf States, 8 to 13; Ohio Valley and 
Tennessee, 10 to 16; Lower Lake region, 13 to 19; Upper Lake region, 11 
to 16; Upper MiseiHsippi Valley, 12 to 15; Missouri Valley, 9 to 12; 
Valley of the Red River of the North, 10 to 12; Texas, 1 to 10; Rocky 
Mountains, 3 to 15; Middle Plateau, 8 to 19; Southern Plateau, Oto 5; 
Oalifomia, 3 to 12. 

Rain or snow from a cloudless sky. — Colorado Springs, Colo., 17th. 

Snow, — No precipitation of this nature was reported from the 
country to the south and east of the 85th parallel and the 104th meri- 
dian respectively, except in extreme Northern Texas on the 11th and 
15th, and the extreme western portion on the Gtli and lOtli. In California 
none was reported except along the mountain ranges to the northeast o£ 
Lo3 Angeles and east of Sacramento. In the various other districts snow 
fell on the following dates: New England, 1st to 5th, 1 1th to 28th; Mid- 
dle States, 1st, 2d, 13th to 25th; Western North CaroUna, 3d, 13th, 
13th; Tennessee and the Ohio Valley, 1st to 5th, 12th to 28th; Lower 
Lake region, Ist to 5th, 8th, 9th, 12th to 28th; Upper Ljike region, let. 
to 28th; Upper Mississippi Valley, 1st to 28th; Missouri Valley, lat, 2d, 
4th to 28th; Indian Territory, 10th, 11th, 15th. 18th, 30th; Rocky 
Mountains, from Southern New Mexico to Northern Montana, Ist to- 
28th; Arizona (central part), 9th, 17th, 18th; Middle Plateau, 5th, 7th 
to 18th, 25th, 2Gth; Northern Plateau, Ist, 3d, 8th to IStli, 18th, 20th, 
26th, 27th; Northern- Pacific coast region, 8th, 12th to 18th, 26th to 
38th. 

Largest monthly snow-falls. — Monnt Washington, 66 inches; Beloit, 
Wia., 42; Little Mountain, Ohio, 38; Cisco, Cal., 33; Sterling, 111., 32; 
Eockford, 111., 31.5; Geneseo, 111., 30; Elmira, 111., and North Volney, 
N. ¥., 29; Coldwater, Mich., 28; Friendship, N. Y., and Olivet, Dak., 
26; Bloomfield, Wis., Marshall, Mich., and Cleveland, 25; Belvidere, 
lU., and Coming, Mo., 24.5; Neillsville, Wis., Nilea and Northport, 
Mich., 23; Miuneapolis, Minn., and Pierce City, Mo., 32; Deer Park, 
Md., 21. 

The following items regarding the remarkahly severe anow-etorma of 
the month will be found of interest: Dakota : Fort Bennett, 12th, snow- 
fall unprecedented; cattle suffering droadfully:travel of all kinds almost 
impossible throughout month. Yankton, 7th. heavy blockade; 
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almost stupended; great BoileringB araong people in interior t> 
vant of food ood fuel; 25th, all roada again blockaded. Illinois: Hor-" 
non, numtii chsractemed bv an untunal fall of snow aod conaeqaeat 
bca*7 blockades. Iowa : 'Son Springs, 4th to 7tfa, vorst sdov blockade 
experteooed In this section for past 15 jean. Logan, 5tii, 6tb, ter- 
rible BDow-ctorm, wont in 20 yean. Btu-liogton, 13ib, 18th, all roada 
blockaded; hearicst for many je&n. Keokuk, 12tli, 14tli, railroads 
blockaded; mnch damage to property. Dnbaqnc, 7th to 13tb, telegraph 
vim dovn in all directioiu; Btreets impaaaable; all trarel oeaaed; the 
vofvt blockade for manyyeara. Kanatu: Creswell, 11th, snoir blockade 
most serere for 10 years; ttBTel of all kinds impoeaible. Wellington, 10th, 
11th, heaviest Bnow-stonn erer eiperiencsed. Dodge City, lltb, very 
aeTere blizzard; stopping travel of all kinds; cattle suffering severely; 
14th, trains blackaded; all travel ceased; thonaanda of- starving and 
freezing cattle foaad along the railroad; large herd of antelopes forced 
into town In search of food. Lbaveavorth, 11th, heaviest snow storm 
for many years; streets impassable. Michigan : Northport, 27th, 16 
inches fell and drifted terribly; travel impossible; worst ever experienced, 
Marquette, 12th to 28th, heaviest atorm for years; telegraph linea ail 
down; blockade still continuing. Minnesota: New HI m, 27tb, heaviest 
snow blockade ever experienced; hundreds of families suffering for want 
of food and fuel; travel impossible. Saint Paul, 1st to 16th, one con- 
tinuDOS and uninterrupted blockade; much damage and suffering; violent 
blizzards. Nebraska : North Platte, 14th, heaviest storm for years; cattle 
dying from cold and starvation. Omaha, 6tb, most violent storm for 
many years; telegraph wires all down; trains blockaded; all travel 
ceased; much damage to buildings; 12tb, all railroad travel blockaded 
by heavy drifts, Neto York : 3d, railroads on Long Island blockaded; 
atorm very violent. Ohio: Sandusky, 1st, trains blockaded and bnsi- 
□eea entirely suspended for the day. JTiacojMirt ; Embarrass, 2(th, worst 
snow blockade ever experienced; no mail; no trains; no travel of any 
kind. La Orosse, 7th to I?th, all communication seriously obstructed; 
heaviest storm for many years; great suffering and much loss to property. 
Snow on ground at end of month. — North of the 3~th parallel the fol- 
lowing depths in inches were reported in the various States and Terri- 
tories : Maine, 3 to 13; New Hampshire, 8 to 24; Vermont, Ito 20; Mas- 
sachusetts, 3 to 18; Connecticut and fihode Island, trace to 2; New 
York, trace to 23; New Jersey, trace to 28; Pennsylvania, 5 to 16; West 
Virginia, trace to 3; Ohio ^ to 25; Indiana, trace to 4; Michigan, lower 
peninsula, 3 to 48; upper peninsula, 12 to 36; Illinois, 1 to 18; Wiscon- 
sin, 16 to 38; Missouri, trace to 5; Iowa, i to 26; Minnesota, 24 to 36; 
Kansas, drifts; Nebraska, trace to 12; Dakota, 3 to 33; Colorado, only 
2 inches on summit of Pike's Peak, trace to 12 in lower surrounding 
country; Montana, 2 to 22; Wyoming, trace to 12; California, o 
tain ranges. 




THE WEATHEE. 



BELATIVE HUMIDITY. 



The percentage of meia relative humidity for the month ranges as 
follows: New England, 65 to 78; Middle States, 66 to 84;' South Atlantic 
States, 68 to 81; Eastern Gulf States, 51 to 75; Western Gulf States, 6a 
to 79; Ohio Valley and Tennoasec, 04 to 74; Ijower Lake region, 72 to 
79. Upper Lake region, 66 to 83; Upper Mississippi Valley, 71 to 78; 
MisBouri Valley, 66 to 87; Valley of the Red River of the Noith, 75 to 
91; Texas, 61 to 72; Middle Plateau, 43 to 74; Southern Plateau, 30 to 
47; California, 62 to 82; Oregon, 80 to 83. High stations report the 
following percentages not corrected for altitude: Mount Washington, 
78.9; Pike's Peak, 62.3; Denver, 56.0; Cheyenne, 50.4; Eagle Kock, 
78.5; Santa F6, 56.8. 



The prevailing winds during the month of February, 1881. at Signal 
Service stations are shown on the Chart by arrows which fly with the 
wind. Along the Atlantic coast, from Maine to North Carolina, in the 
interior of the Middle Atlantic States, thronghout the Upper Mis::iHsippi 
and MisBouri Valleys, and in the Middle Eastern Rooky Mountain slope 
they were northwesterly. In the South Atlantic and Gulf States and in 
the interior of Texas and New Meltico, north to east. In the Lake 
region, Tennessee, and the Ohio Valley, south to east. In the Pacific 
coast and Plateau regions, southeast to southwest. 

Sigh winds: — Winds of 50 miles and over wore reported as follows: 
On summit of Mount Washington, 1st to 3d, 8th to 38th; on five of 
these dates.the wind reached a velocity of 100 miles per hour; maxiraum 
wind velocity of 110 miles 8.E. on the 12th. On summit of Pike's Peak, 
Ist, 2d, 4th, 11th, 12th, 15th, 16th, SOth, 2l8t, 26th to 28th; maximum 
wind velocity 80 miles W. on the 31st. Umatilla, 55 W., 35th. Fort 
Shaw, Mont., 50 S.W., 1st. Moorhead, Minn., 62 S.E., 4th. San- 
dusky, 64 N.E., Ist, Indianola, 51 N., 11th. New Orleans, 52 S.E., 
Cth. Mobile, 60 S.E., 6th. Portsmouth, N. C, 53 N.W., Ist. Kitty- 
hawk, 53 N., 1st. Delaware Breakwater, 58 S., 12th. Cape May, 55 
N.W., 16th. Wood's Uoll, 52 S.E., 28th. 

Local storms. — During the passage of low area No. VI. northeast- 
ward over Tennessee and the Ohio Valley on the 18th, opposing northerly 
and southerly winds, accompanied by high contrasts of temperature, 
prevailed in the southwest quadrant; the latter ranging from 35° to 45** 
between Southern Illinois and the central portion of Alabama and Mis- 
sissippi. Under these peculiar atmospheric conditions there occurred, 
quite late in the day and within the central portion of Alabama, a terrific 
tornado, which passed over a ]iart of Tuscaloosa County. Its path ex- 
tended from southwest to nortiieast, a distance of about 15 miles, and 
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■ was characterJBticaUy narrow. The storm cloud, as nsnal, was 

I patiied by a load roaring noise and a rotarj' motion from right to left. 

I Several persons reported in connection with the passage of the cloud 

I the presence of (large ballii of fire which sparkled and fiashed in the belt 

I of the wind, and seemed to be of all nizes, from the dimensions of an egg 

I up to that of a half-bushel measure. Hail and rain followed in the ti 

I of tlie storm. The largest trees were twisted off near the stump or viO' 

P lently uprooted, and over twenty buildings were either unroofed or de- 

molished. Heavy objects were conveyed long distances and the debris 
of buildings and fences were invariably carried from the east around by 
the north to the west, and thence by the south to the oast. This storm 
passed but a little south and east of the track of many previous tornadoes 
which have travelled across this portion of the State in the same general 
direction. 

ATMOSPHERIC ELECTEICITT. ■ 

Thunder-storms. — In the various districts they were reported on th& 
following dates: New England, 12th. 28th; Middle Atlantic States, 5th, 
12th, 19th, 25th, 26th, 27th, 28th; South Atlantic States, 11th, 16th to 
ISttb, 21at, 22d, 23d, 27th, 28th: Extern Gulf States, 6th, 7th, 9th, 
11th, 38th, 19th, 25th, 2Bth, 27th, 28th; Western Gulf States, including 
Texas, 5th, 6th, 8th, 9th, 10th, lltk, 15th, 16th, 17th, 18th, 19th, 20th, 
2Gth; Ohio Valley and Tennessee, 9th, 11th, 18th, 19th, 26th, 27tfa, 
28th; Upper Lake region, 26th; Tipper Mississippi Valley, 17th, SOth, 
26th, 2?th, 28th; Lower Missouri Valley, 5th, 6th, 19th, 20th, 26th,. 
27th; Arizona, 5th, 6th, 17th; California, 3d, loth, IGth. The most 
important storm of the month, except along the West Gulf coast froi 
6th to 9th, began in the Lower Missouri Valley on the 26th, acoompati]^' 
ing low area No. X., and as it passed eastward spread over the enti; 
country from the Lakes to the Gulf, reaching the Atlantic coast on thO' 
27th and 28th, where it was experienced from Havana, Cuba, north- 
eastward to Maine. Storms of this class, gradually increasing in number 
and severity on the approach of spring, have been less frequent in the 
northern and more frequent in tho southern section of the country than 
during the month of February, 1880. As compared with the same montli 
of previous years since 1873, the largest number were reported during 
February, 1881, the next largest in February, 1878, while in 1879 the 
number fell to near the minimum which occurred in 1875. It is very 
interestiug, and still further there would seem to be an accordance wittt, 
supposed laws of periodicity in conuection with the recurrence of thesfr 
storms from season to season, to note that in a comparative study of 
month of February for the past nine years, it is found, as an inTariabl 
feature, that about four-fifths of all the thunder-storms occurred 
tween the 15th and 26th, 
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Auroras. — There were no remarkably brilliant displays during the 
month, but rather an nnusual nnmber were reported as having been wit- 
nessed over that portion of territory common to auroral manifestations, 
reaching from Maine westward to the lOSth meridian. Displays of this 
nature were observed on the following dates : 1st, from stations in Ke- 
braska northward to the northern boundary of the United States and in 
Northern New England ; 2d, from Kansas northward to British 
America, and from Virginia northeastward to Maine; 20th, from Mon- 
tana eastward to Luke Michigan and over New England. 2Cth, 
throughout Dakota and Minnesota, and in New Hampshire. 27th, 
from Southern KaTisiis northwestward to Montana, northward to the 
northern boundary of Luke Superior, and over New England. On all 
of these dates, and particularly the last three, estreme cloudiness pre- 
vailed over the Lower Lake region, preventing any display of auroras, 
even if they occurred. From various stations local displays were wit- 
nessed on the following dates : Fort Stevenson, Dak., 28th, A.u.; 
Spiritwood, Dak., 22d, p.m.; Saint Vincent, Minn.. 16th, 80th, 23d, 
P.M.; Duluth, 23d, p.m.; Oswego, N. Y., 6th, a.m.; Butlington, Vt., 
Si, midnight to 12.15 a.m.; 3d, 4.20 a.m. to daybreak ; Gth, 2 a.m. to 
daybreak; 19th, 11.15 P.M. to midnight; Bangor, Sle., 5th, p.m.; 
Eastport, 7th, 1 a.m. to 3 a.m.; Cambridge, Mass., 19th, 11 p.m.; 
Newburyport, Mass., 7th, 5 a.m.; 19th, p.m.; Gardiner, Me., 25th, 
midnight to 4 A.H. 
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9. MONTHLY WEATHER REVIEW, MARCH, 1881. 

BABOMETBIC PBESSUBE. 

The difitributioii of mean atmoapheric presaure over the United States, 
and Canada for the month of March, 1881, is shown by isobaric lines 
upon the Chart. The area of highest barometer, which htts been moving 
steadily eastward from the Pacific since November, 1880, and wliich 
during the following months of December and January was so marked 
over the central portions of the country, has during the present month 
passed far eastward over the Atlantic, leaving a remarkably low mean 
pressure over the eastern sections of the country, particularly from the 
Ohio Valley and Virginia northeastward to Maine. The rapidity and 
extent of this eastward movement is shown quite forcibly on the wind 
chart by the general and decided northwesterly trend of the winds east- 
ward of the Rocky Mountains. The regions of maximum pressure are 
to be found along the immediate Gulf and Pacific coasts, where only im- 
material changes have taken place during the month. Compared with 
March, 1880, the pressure of the present month is strikingly at variance. 
as is shown by the position of the region of highest pressure, which in 
1880 occupied the precise region now embrace*! by the abnormally low 
pressures of the present month. 

Barometric ranges. — The range of pressure during the month has 
varied in the extremes from 0.35 inch at Key West to 1.43 inches at 
Boston. Ranges of 1.00 aud above were reported from stations in 
Oregon, Washington Territory, Idaho, aud Southwestern Montana, 
throughout the Upper Mississippi and Lower Missouri Valleys, the 
southern portion of the Upper Lake region and thoneo northoastward to 
Newfoundland. In Tennessee and from North Carolina south and west- 
ward the range -nowhere rises above 0.98, except at Fort Gibson, where 
it reaches 1.03, while in general it varies from 0,5 to 0,75, with the low- 
est ranges along the immediate Gulf coast. The range everywhere in- 
creases with the latitude, being on the Pacific coast from 0.51 at San 
Diego to 1.13 at Olympia, and on the Atlantic coast as given above. 
Along the Gulf coast the range increases gradually from 0,35 at Key 
West to 0.74 at Brownsville, Tex. 

Areas of high barometer. — Six such areas are described for the month 
of March, 1881, though only one (No. 1} exercised any special influence 
on the climatic conditions of the country; but the month is remarkable 
for deficiency in pressure, especiall; in the Eastern States. On the New 
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England and Middle Atlantic coasts this deficiency ranges from 2.5 to 3 
inchea, probably the most notable deficiency that has occurred since the 
«stabliahment of the Signal Service. It is also worthy of note that the 
mjnimam temperatures are not, as is the general rule, associated with 
tliB areas of high barometer, bnt in the majority of instances have, in 
March, occurred after the passage of the centre of low area and after the 
veering of winds to the northwest, but before the pressure had reached 
its maximum or risen above the normal. 

No. I. — On the 1st there was a great rise in pressure iu Washington 
■ Territory and Oregon, following an area of low barometer, which on the 
previous day advanced to the eastward over British Columbia. At the 
morning observation of the 2d the following were tho highest reported 
biirometers: Olympia, 30. W or 0.43 above the normal; Portland, 30.48 
or 0.41 above the normal; the rise in pressure for one day at these points 
being respectively 0.54 and 0.46 inches. The winds on the coast continued 
southerly during this rise, which is frequently the case on the Pacific 
alope; the rise in pressure appearing to come from the southwest, and 
there is seldom the veering of winds to the northwest, after the passage 
of the centre of low area, which is so frequent a feature of storms east 
of the Bocky Mountains. On the 2d the centre of the area of highest 
pressure moved slowly to the eastward into Idaho and Utah, but tho 
greatest rise, averaging one-half of an inch, occurred in Colorado. On 
tho 3d the pressure, slightly yielding, continued above the mean from 
the Pacific coast to the Mississippi Valley, while on the Texas coast 
there was a considerable rise. Cautionary oS-shore signals, changed 
from cautionary, that had been ordered in advance of low area No. II., 
were justified by the following maximum velocities: Indianola, 43 N. : 
Galveston, 32 N. On the 4th the region of highest barometer was 
transferred to Manitoba. On the 5th there was a general rise in pres- 
aure east of the MisBissippi River, but the centre of the high area re- 
mained in the Lower Missouri Valley. On the 6th there was a rise 
averaging nearly half an inch in the Lower Lake region, and the isobars 
of high pressure included the Lakes, the Ohio Valley, and Tennessee. 
On the 7th the highest area extended from the Lower Lakes to the 
South Atlantic coast. On the 8ch it disappeared in advance of low 
area No. IV., then moving to the eastward over the Ohio Valley. In 
connection with this high area the minimum temperatures of the month 
were reported from the Lower Missouri Valley, Arkansas, Indian Terri- 
tory, and NorlhGastem Texas on the 6th, and from the Ohio Valley to 
South Atlantic coast on the 5th and 6th. 

Arean of low barometer. — Nine such areas have had their tracks 
charted for the month of March, 1881. (No. I. notcharted.) Of these, 
one (No. V.) has its track charted across the continent, finally disap- 
pearing beyond the New England coast. Another depression (No. VII.) 
aadoubtediy crossed the continent from the Pacific over Mexico, but not 
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■within the limits of the chart. Four (Noa. II., IV,, VII., and X.) ex- 
hibited great energy at eome portions of their tracks. Five (Nos, III.. 
VI., VII., IX., and X.) developed within the limits of the United 
States, One (No. VII.), after crossing the continent and leaving the 
Saint Lawrence Valley on the 2l9t, became a permanent low area (or 
the rest of the month in the maritime provinces and Nova Scotia; the 
lowest reported barometer was at Chatham, 28.83, at the afternoon ob- 
eervation of the 27th, which was 1.05 inches below the normal. Two 
depressions (Nos. VIII. and IX.) skirted the edge of the great deprea- 
sion (No. VII. ), but neither developed much energy nor merged with the 
1 low area. 



I Then 



TEMPEKATURE OF THE AIB. 



The mean temperature of the air for March, 1881, is shown by the 
isothermal lines on the Chart. Throughout a majority of the various 
districts of the country the temperature is below the normal, while in 
the Upper and Lower Lake regions no change occurs. Tfje departures 
of excess, ranging from +0.4 in the Southern Plateau to +8.5 in the 
Northern Rocky Mountain slope, are confined, with a single exception, 
to the northern sections of the country, or above parallel 40°; those of 
deficiency, ranging from —0.4 in the Middle Atlantic States to —4.8 in 
the South Atlantic States, embracing the Southern districts, are most 
marked in the Gulf and South Atlantic States. 

PRECIPITATIOK. 

The general distribution of rain-fall (including melted snow) for 
March, 1881, is shown on the Chart from the reports of over 500 sta- 
tions. The regions of heaviest precipitation are to be found along the 
immmediate coast of Washington Territory, throughout Alabama and 
Georgia, in Western North Carolina, and from Northern New Jersey 
eastward along the coast of Connecticut and Rhode Island, and thence 
northward on the Massachusetts coast to Maine. The regions of least 
precipitation occupy Western Montana, Southwestern Wyoming, North- 
western Utah, Northern Nevada, Central New Mexico, and South- 
western Arizona. As compared with the mean of past years, the rain- 
fall for the present month is in general below the average, only five 
districts out of a total of seventeen reporting an excess. Departures of 
excess range from +0.15 in the Eastern Gulf States to +1.67 in New 
England; those of deficiency, from —0.1 in the Upper Mississippi Val- 
ley to —4.94 in the Northern Pacific coast region. The rain-fall of the 
Rocky Mountain and Plateau districts is quite uniform in the various 
sections, but the range for the whole territory (from 0,00 to 4,95 inohes), 

Ksh considerable, is not unusual. 
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Rainy datfn, — The number of days on which rain or snow has fal 
varies as follows: New England, 11 to 25; Middle Atlantic States, 11 1 
19; Sonth Atlantic SUtea, 9 to 15; Eastern Gnlf States, 3 to 13; West- 
era Gulf States, 9 to 11; Ohio Valley and Tennessee, 15 to 2'2; Lower 
Lake region, 16 to 23; Upper Lake region. 9 to 18; Upper Mississippi 
Valley, 8 to 15; Missouri Valley, 9 to 11; Red River of the North Val- 
ley, 6 to 11; Texas, to 8; Rocicy Mountains, 5 to 13: Middle Plateau, 
3 to 10; Southern Plateau, 1 to 11; California, 1 to 8; Oregon, 5 to 21; 
Washington. Territory, 11 to 30. 

Cloudy days. — The number varied in New England from 10 to 24: 
Middle Atlantic States, 8 to 20; South Atlantic States, 5 to 13; Eastern 
Gulf States, 4 to 11; Western Gulf States, 6 to 0; Ohio Valley and Ten- 
nessee, 6 to 31; Lower Lake region, 13 to 21; Upper Lake region. 10 to 
16; Upper Mississippi Valley, 10 to 18; Missouri Valley, 8 to 11; Red 
River of the North Valley, 5 to 9; Texas, 1 to 13; Rocky Mountains, 4 
to 10; Middle Plateau, 3 to 8; Southern Plateau, to 5; California, 
to 6; Oregon, 9 to 14; Washington Territory, 5 to 19. 

Raiti or snow from a cloudless sky. — Bismarck, 18th, 

Snow. — In several instances snow lias fallen at points having a more 
southern latitude than occurred during the past month of February. In 
California, Arizona, and New Mexico it fell along the extreme southern 
boundaries; in Western Texas it was reported from near latitude 30° oq 
the 20th, and in the northern part of the State as low as latitude 35" on 
the 18th, 19th, and 20th; in Arkansas below latitude 35" on the 21st; 
in Georgia near latitude 35" on the 21st, 22d, 29th, 30th, and on the 
North Carolina coast near latitude 3^t° on the 5th. In the variona dis- 
tricts north of parallel 35° itfcll on the following dates: yew England, 
1st to eth, 11 to 31st, 23d, 24th. 27th to 31st; Middle Atlantic States, 
1st, 3d, 4th, Gth, 12th, 13th, 14th, 23d to 2:th, 30th, 31at; Tennessee, 
3d to 6th, 20th to 24th, 29th to Slst; Ohio Valley, 1st to 7th, 11th, 
12th, 13th, 19th, 25th, 29th to 31st; Lower Lake region, 1st to 7th, 12th 
to 15th, 20th to 31st; Upper Lake region, 1st to 8th, 12th to 21st, 24th, 
2?thto 31st; Upper Mississippi Valley, 1st to 8th, 11th to 25th, 2rth 
to 3lBt; Minnesota, 1st to 8th, 12th to 17th, 24th, 28th to 31st; Mis- 
souri VaUey, Ist to 16th, 18th to 22d, 25th to Slat; Indian Territory, 
3d, 4th, 18th, 19th, 20th, 2l8t; Rocky Mountains, 1st to 36th, 28th; 
Southern Plateau, 5th, Cth, 9th, 10th, 13th to 20th; Middle Plateau, 
Ist. 5th, 11th to 18th; Narthern Plateau, 1st, 2d, 4th, 5th, 7th, 9th to 
18th; California, Campo, 13th, 16th, 17th: Visalia. 14th; Bed Bluff, 
9th, 10th; Fort Bidwell, 4th, 8th, 9th to 12th, 14th, 15th; Northern 
Pacific coast region, 4th, 9th, llth to 14th, 16th, 18th. 

BELATIVE HUMIDITY. 

The percentage of mean relative humidity for the month ranges u 



follows: New England, 68 to 77; Middle Atlantic States, 54 to 77: 
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South Atlantic States, 5i to 80; Eastern Gnlf States, 55 to 70; Western 
Gulf States, 57 to 71; Ohio Valley and Tennessee, 57 to 72; Lower 
Lake region, 76 to 81; Upper Lake region, 73 to 83; Upper MisBissippi 
Valley, 63 to 75; Missouri Valley, 65 to 75; fied River of the North 
Valley, 74 to 85; Texas, 33 to 73; Middle Plateau, 29 to 65; Southern 
Plateau, 27 to 49; California. 60 to 73; Oregon, 64 to 76; Washington 
Territory, 70 to 82. High statiotis report the following percentages 
not corrected for altitude: Pike's Peak, 6^.7; Santa F6, 48.7; Ohey- 
enne, 52.9; DenTer, 56.2; Mount Washington, 86.3. 



The prevailing winds during the month of March, 1881, at Signal 
flervice atutions, are shown on the chart hy arrows which fly with tlie 
■wind. Throughout the country, east of the 97th meridian, the winds, 
with hardly an exception, were from west to northwest. Throughout 
the Eio Grand Valley southeasterly. Along the Eastern Hocky Moun- 
tain slope north to northwest. lu Central Tesas and the Plateau re- 
gions, variable. lu the Middle and Southern Paeiflc coast regions, 
northerly, and in the Northern Pacific const region, southerly. 

Ififfh winds. — Winds of 50 miles and over were reported as follows: 
On summit of Mount Washington, 1st to 4th, 9th, 10th, 19th, 20th, 
23d to 3l8t; on seven of these dates the wind reached a velocity of 100 
miles or over; maximum wind velocity, 133 miles N.W, on the 27th. 
On summit of Pike's Peak, 1st, 2d, 4th, 15th, 20th to 22d; maximum 
wind velocity, C4 miles N.W. on the 1st. Thatcher's Island, 66 N. W., 
11th; 65 n"e., 30th. Sandusky, 54 N.W.. 30th. Barnegat, 62 E., 
30th. Cape May, 53 N.W., lat; 51 N.W., 2d; 50 N.W., 26th, 27th. 
Kittyhawk, 52N.E.,26th; 55W.,3l8t. New Shorehara, 52N.E.,30th. 
Cape Hatteras, 58 S.W., 30th. Dodge City, 55 N.W., 2d; 56 N.W., 
11th, Delaware Breakwater, 50 S.W., 4th; 70 N.E., 9th. Ports- 
mouth, N. C, 72 S.W., 30th. 

Local storms. — Near Fayette, Jefferson County, Mississippi, 18th, 
2.30 P.H., violent tornado passed from S.W. to N.E., a distance of 
about five miles; width of storm track about 100 yards, over which 
evety movable article was swept away. The Natchez and Jackson Rail- 
road bridges across Colle's and Ball's Creeks were nearly demolished, 
cutting oif communication for several days. This toruudo developed in 
connection with the passage of low area No. VIL northeastward from 
the Eio Grande Valley across the northwestern portions of the States of 
Louisiana and Mississippi. On the afternoon of tiio 18th cold north- 
westerly winds prevailed to the northward of the low area, in Arkansas, 
Indian Territory, and Missouri, while to the southward along the 
Western Gulf coast, opposing warm southerly winds obtained, present- 
ing a contrast in temperature of from 20° to 30". Galena, Cherokee 
Oonnty, Kansas, 16th, a.u., most violent storm that has ever visited 
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this BectioD. In its appearance it was described as very similar to t 
terrible tornado that devastated Marshfield, Mo., in April, 1880. Direct 
tioii of storm path S.W. to N.E., width of track about 300 yards. 
Every movable object in the storm's path was carried away with irre- 
Bialible force, but fortunately its course was turued aside from the more 
densely populated portion of the city, which prevented very serious dis- 
Bsters. This tornado developed in the southwest quadrant of an area of 
low barometer, described as No. VI, on Chart. On the afternoon of 
the Kith, this low pressure extended from the lower Missouri Valley 
northeastward to the Upper Lake region. In rear of tUia area cold 
northwesterly winds with snow prevailed, opposed in the West Gulf 
States by warm southerly winds, which presented a contrast in tempera- 
ture of from W to 30°. Sumterville, Sumter County, Alabama, 23d. 
5 P.M., very violent tornado passed a little north of station. Direction 
of storm path S.W. to N.E,; width of track about 40 yards. Several 
large buildings and many outhouses, stables, etc., wore demolished. 
Heavy objects were transported considerable distances, and in some in- 
stances chickens were carried over a quarter of a mile. The appearance 
of the storm cloud was described as fearful, resembling huge volumes 
of black smoke ascending and wiiirliug in tlie form of a funnel, accom- 
panied in its passage by a heavy rumbling noise. This tornado 
developed in connection with the passage of low area No. VIII, over 
the northern portion of the South Atlantic and Eastern Gulf States, 
After the immediate passage of this low area to the eastward, cold 
northwesterly winds prevailed to the northward of Alabama, while in 
the southern portion of tlie East Gulf States warm southerly winds ob- 
tained, showing a contrast in temperature of from 15° to 30° ^H 

ATMOSPHERIC ELECTBICITY. ^H 

Thunder-gtorttts. — In the various districts they were imported on the 
following dates: New Engknd, lat, 2d, 16th, aoth; Middle Atlantic 
States, 3d, 4th, 9th, 12th, 13th, 16th, 19th, 20tb, 29th, 30th, 31st; 
South Atlantic States, .3d, 18th, 19th, 22d, 25th, 26th, 29th, 30th; 
Eastern Gulf States, 3d, ?th, 9th, 11th, 12th, 13th, 16th to 19th, aist, 
25th, 26th, 29th; Western Gulf States (excluding Texas), 7th, 10th to 
12th, 14th to 19th, 21at to 25th, 28th to 29th; Texas, 6th to 11th, 15tli. 
18th, 24th, 25th, 28th, 29th; Ohio Valley and Tennessee, 2d, 3d, 11th. 
12th, 16th, 18th, 19th, 25th, 28th, 29th; Upper Mississippi Valley, 2d, 
11th, 14th to 16th, 25th; Lower Missouri Valley, 1st, 2d, 9th, 10th. 
14th to 16th, 25th; Arkansas and Indian Territory, 6th, 9th, 10th, lltL. 
14th, 15th, 18th, 24th; New Mexico and Arizona, 8th, 9th; Nevada, 
Carson City, 31st; California, Red Bluff. 9th, 20th; Yosemite Valley, 
3l8t; Oregon and Washington Territory, along the Valley of the Willa- 
mette, 1st, 23d, 26th. No thunder-storms were reported from the Lake 
regions, the Northwest or tlie Rocky Mountain regions. 
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Auroras, — In general there were no unusually brilliant displays re- 
ported, but the element of frequency affected quite prominently their 
appearance in the Northwest. The most important manifestation of 
auroral display was shown on the evening of the 18th by a somewhat 
remarkable continuity of observation extending throughout the Lake 
region, and reaching in an unbroken line from Halifax, N. S., westward 
to the northwestern extremity of Montana. 

Telegraphic communication interfered with by atmospheric electricity. 
— ^Fort Grant, Ariz., 8th, peculiar electrical condition of the atmo- 
sphere ; sufficient motive force to occasionally work instruments on the 
line between this station and Fort Verde, although there was no battery 
attached. The galvanometer was constantly affected with an electro- 
motive force of ordinary intensity which acted in a contrary direction to 
that usually displayed. Later in the day quantity of force increased, 
but intensity diminished between the two stations; finally current 
changed to opposite direction, followed soon after by a fluctuating quan- 
tity. La Mesilla, 5th; Jacksborough, Texas, 6th, 9th, 11th; San Anto* 
nio, Texas, 24th, Laredo, Texas, 25th, discharges so heavy as to melt 
brass connections in office. 
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10. MONTHLY WEATHER REVIEW, APRIL. 1881. 

BAHOMETRIC PKES8CEE. 

The diatribntioa oi mean atmospberic pressure over the United States 
and Caouda for the month of April, 1881, is shown by isobaric lines 
upon the Chart. The region of lowest preasuro remains about station- 
ary over Now England and the maritime provincea, but with barometric 
readings somewhat lower over the latter section than for any previous 
April Bince 1874. The regions of highest pressure occupy the Eastern 
Gnlf coast and the Northern Pacific coast region. Compared with April, 
1880, the distribution of pressure is about the same, escept that the area 
of high is less marked and the area of low more confined. The latter, 
extending westward to the Missouri Valley in April, 1880, is entirely 
superseded in the present month by an increase in the extreme of 
+ 0.2 inch, and over the Lake region of +0.13 inch. 

Barometric ranges. — The range of pressure during the month has 
Taried in the extremes from 0.25 inch at San Diego to 1.3? inches at 
Eastport, and 1.38 inches at Fort Buford. Ranges of 1.00 and above 
were reported from the following stations: New York City and Albany, 
1.00; Fort Sill, 1.01; Henrietta, Tox., and Buriington, Vt., 1.02; Noith 
Platte, 1.03; Springfield, Mass., and Moorhead, Minn,, 1.05; New 
London, 1.00; Fort Gibson, 1.07; Kittyhuwk and Yankton, 1.03; 
Thatcher's Island, 1.1; Fort Elliott, 1.12; New Shoreham, 1.13; Hat- 
teraa, 1.15; Saint Vincent, 1.16; New Haven and Boston, 1.17; Dodge 
City, 1.18; Portland Me., 1.2; Newport, 1.21; Mount Washington, 
1.22; Wood's Holl, 1,32. In general, the range has been greatest from 
Texas northeastward to New England, the latter district being the only 
one where the range at every station was above 1.00 inch. Throughout 
the country, except from Texas directly northward, the range increases 
with the latitude. Aa compared with past months, there has been a 
marked increase of range over the Florida peninsula, varying from 0.11 
to 0.17 inch. Along the southern boundary of the country, the range 
increases from the southwestern and southeastern extremes (California 
and Florida) inward to the maximum in Texas, while over the northern 
boundary two maxima were reached, cue in New England and the other 
jn the extreme Northwest. 

Areas of high bnrovieter. — Five such areas for the month of April have 
been sufficiently marked to merit a brief description, though none have 
■exercised any special influence over the climatic conditions of the country 
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The minimam temperatures of the month in the interior of theconntry, 
occarriug on the 1st and the 2d, are associated with high area No. 
The minimum temporatnres in the Middle States and New England, oc- 
curring on the 5th, 6th, and 7th, arc aaeociated with a great deprei 
then central over the Gulf of Saint Lawrence, and extending into the 
districts named. A deficiency of both pressure and temperature 
reported from Mew England and the Middle States. 

No. II.— During the movement of high area No. I. to the south, 
the Ist and 2d, tlie pressure, although diminishing, remained above 
normal in Dakota and Manitoba, but on the 2d a marked rise took plaoB. 
in tlie Saskatchewan Valley, and on the 3d the high area ext«nded front 
Montana and Dakota to Texas, the highest readings being reported 
from the Missouri Valley. On the 4th, the highest barometers were 
reported from the Southwest, but on the ensuing day this area ceased to 
continue as a high pressure. In connection with this high area, a mazi> 
mom velocity of 51 miles from the northeast was reported from Indianol 

No. III. — On the 7th and 8th, after the passage of low area No. I., 
the eastward, there was a great and general rise in pressure west of 
Mississippi River. 

Areas of low barometer. — Seven sueh areua are charted for the month 
of April, I88I. None are traced from the Pacific coast. Nos. II., III., 
and IV. are specially interesting, because No. III. was a secondaiy 
development of No. II., and No. IV. a secondary developmenl of No. lU. 
Of the storms of the month, the only one showing great energy was 
No. IV. Low area No. X., of the March Review, was traced to Nora 
Scotia on the last day of that montli. The pressure remained below the 
normal in that region and nearly stationary in position until the 10th, 
the lowest reported reading being at Chatham at the morning observa- 
tion of the 4th, 29.05, or 0.8 inch below the normal. In the mean time, 
low area No. I., in its march to the eastward, skirted the border of this 
depression, but did not unite with it within the limits of our Charts. 

Nos. II,, III., and V^. — Those three depressions should be described 
together, as No. III. was a secondary development of No. II., and 
No. IV. a secondary development of No. III. No. II. — On the 10th, 
there was a considerable decrease in pressure in Northwestern Texas and 
Indian Territory, showing the development of a low area in that region, 
which, at the midnight report, was located as indicated on the Chart, 
On the lUh, it pursued a northeasterly track over Arkansas and Mis- 
souri. The precipitation thus far was confined to the northeast quadrant 
of the depression. On the 12th, at the morning report, the centre of 
low area had moved near Louisville, when the pressure, 29. C2, was 
0.34 inch below the normal. At the morning report, the pressure in 
Nova Scotia was below the normal, the isobar of 29.8 inclosing Chatham, 
Halifax, and Sidney; in the United States, the isobar of 29,8 included 
the Ohio Valley and Lake Erie. The low areas above referred to we». 
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divided by a belt extending from Northwestern New York to Rhode 
Island, where the pressure was 30.00; the barometric gradient was slight, 
and the meteorological conditions were not favorable to the development 
of storm energy. During the day, area No. II. was filled tip by inflowing 
air. In the mean time, during the passage of No. II, to the eastward, 
the barometer had remained below the normal and falling in Texas, and 
at the A.M. report of the 12th the circulation of the winds indicated the 
formation of a new and independent centre of depression in Northern 
Texas and Indian Territory, which during the day extended northoagt- 
ward into Tennessee and the Ohio Valley. On this day, the following- 
great falls in temperature for the preceding twenty-four honrswere re- 
ported: Fort Elliott, 28°; Fort Sill, 46°; Fort Gibson, 37°; Concho, 
31°; Stockton 26°; Denison, 29'; Little Rock, 22°; Memphis, 26°; 
Cairo, 25°; St. Loais, 21°. .On the 13th, with diminishing energy, the 
storm centre passed off the Middle Atlantic coast. On this day, the cold 
wave, before noticed, moved to the southeastward, the temperature fall- 
ing 20° at Louisville and Knoxville, 21° at Nashville, 23° at Chattanooga,. 
35' at Memphis, 26° at Vicksbnrg, 27° at Streveport, and 23' at Mont- 
gomery. 

TEMPEKATTTRE OP THE AIB. 

The mean temperature of the air for April, 1881, is shown by the 
isothermal lines on the Chart. West of the 100th meridian the tempera- 
ture is everywhere above the normal, while in every district to the east- 
ward it is below, except in the West Gulf States, whereit is normal. 



PEECIPITATIOK. 

The general distribution of rain-fall (inclading melted snow) for 
April, 1881, is shown on the Chart, from the reports of over five hundred 
stations. In general the rain-fall ia considerably below the normal ; only 
two remote and comparatively unimportant districts, viz., the Florid*, 
peninsula and the Northern Pacific coast region, show the slightest ex- 
cess. The most marked feature of this important subject for the month. 
is not BO much the deficiency in any particular district as that this deQ- 
ciency is remarkably general, affecting in a striking manner those districts 
which are usually subject to heavy precipitation at this period of the year. 
As compare<l with the previous records of Signal Service observations for 
the mouth of April since 1874, no such widespread deficiency has ever 
been reported. The departures from normal are most marked, save two 
exceptions, over the northern sections of the country, the largest, 2.34, 
being reported from New England. There has been little, if any. vari- 
ation from the accustomed diversity of rain-fall over the Rocky Moun- 
tain and Plateau districts; the largest amount, 4.64 inches, fell on the 
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stimmit of Pike's Peak, while an entire absence of rain was repoi 
Irom scattering stations in Arizona, California, Nevada, and Utab, 

Rainy days. — The number of days on which rain or snow has fallen 
Tariea as follows : New England, 7 to 19 ; Jliddle Atlantic States, 7 to 
17; South Atlantic States, 5 to 15 ; Eastern Gulf States, 5 to 9 ; 
"Western Gulf States, 2 to 12 ; Ohio Valley and Tennessee, 10 to 19; 
Lower Lake region, 'J to 14 ; Upper Lake region, 4 to 15 ; Upper Mis- 
sissippi Valley, 10 to 20; Missouri Valley, 3 to 12; Bed Eiver of th< 
North Valley, 8 to 13 ; Texas, 4 to 1 ; Rocky Mountains, fi to li 
Middle Plateau, 4 to 10 ; Southern Plateau, 1 to 9 ; California, 3 to 
Oregon, 5 to 18 ; Washington Territory, 14 to 19. 

Cloudy days. — The number varied in New England from 2 to 10 ; 
Middle Atlantic States, 5 to 12 ; South Atlantic States, 3 to 13 : Eastern 
Gulf States, 1 to 9 ; Western Gulf States, 5 to 9 ; Ohio Valley and 
Tennessee, 7 to 16 ; Lower Lake region, 6 to 10 ; Upper Lake region, 2 
to 9 ; Upper Mississippi Valley, 4 to 12 ; Missouri Valley, 6 to 14 ; Bed 
Eiver of the North Valley, 3 to 16 ; Texas, 1 to 10 ; Bocky Mountainfl, 
5 to 10 ; Middle Plateau, 3 to 11 ; Southern Plateau, 1 to 6 ; Califoi 
1 to 13 ; Oregon, 11 to 19 ; Washington Territory, 13 to 15. 

Snow. — The extreme southern latitude at which snow has fallen 
remarkable feature of the month. Between the 77th and 107th meridi- 
ans no less than seven localities report snow as far south as latitude 35^ 
between the Ist and 13th, and, in two instances, below that paralleL 
In the various northern districts it fell oo the following dates: N( 
England, 1st, 2(1, 5th to 7th, llth to 19th, 23d, 34:th, 25th, 26th, 391 
30th. Middle Atlantic States.— 1st to 8th, llth to 13th. North Oi 
Una. — Charlotte, 1st, 4th, Tennessee. — Ist, 4th, 5th. Ohio Valley.- 
1st to 6th, 9th, llth, 13th, 15th. Lower Lake region. — Ist to 8th, 1, 
to 15th.— Upper Lake region.— 1st to 6th, 10th to 16th, 28th, 291 
Upper Mississippi Valley.— 1st to 4th, 7th to 15th, 24th to 36th. Mis- 
souri Valley. — 3d to 12th. Valley of the Red River of the North. — Ist 
to 3d, 8th, 13th to 15th. Northern Bocky Mountain Slope, — 1st to 
19th, 23d to 25th, Rocky Mountains.— 5th to 14th, 20th to 33d. Norl 
ern Plateau.— 6th to llth, 12th, 16th, I7th. Utah.— 9th to 1%\ 
Oregon, — Albany, 8th, 18th. Oaliforuia. — In mountains, 17th, 
23d. 

Snow from a cloudless sky. — Logansport, Ind., 2d, from 8.30 to 9 
P.M., fine particles of snow fell, there being no clouds visible for two 
hours previous, the moon and stars shining with but slightly diminished 
brilliancy. 

Snow OH ground at end of monlh. — Isolated stations report the fol- 
lowing depths in inches: Auburn, N. H., 5; Mount Washington, 30; 
Burlington, Vt., to 1; Oswego, N. Y., trace; Fallsington. Pa., 0. 
Edgerton, Wis., 2.81; near Fort Madison, Iowa, 4.60; Morriston, Di 
18; Deadwood, Dak,, trace; Pijre's Peak, 16.76. 
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Hail-storms were of considerable frequency west of the Mississippi 
and north of the Ohio. 

EELATIVE HUMIDITY. 

The percentage of mean relative humidity for the month ranges as 
foflows: New England. 54 tu 80; Middle Atlantic States, 64 to 78; 
South Atlantic States, 55 to 85; Eastern Gulf States, 59 to 77; Western 
Gulf States, 64 to 75; Ohio Valley and Tennessee, 60 to 68; Lower 
Lake region. 62 to 74; Upper I^ake region, 68 to 73; Upper Mississippi 
Valley, 61 to 72; Missouri Valley, 62 to 73; ,Ked River of the North 
Valley, 73 to 76; Texas, 50 to 75; Middle Plateau, 33 to 42; Southern 
Platean, 30 to 76; California, 43 to 77; Oregon, 56 to 69; Washington 
Territory, Olympia, 78. High stations report the following percentages 
not corrected for altitude: Pike's Peak, 70.8; Santa F6, 32.7; Chey- 
«ane, 51.2; Denver, 45.2; Monnt Washington, 79.6. 



The prevailing winds during the month of April, 1881, at Signal 
Service stations are shown on the Chart hy arrows, which fiy with the 
wind. Throughout the country east of the Mississippi the winds were 
from west to northwest except southwest along the South Atlantic coast. 
In the Western Gulf States and Texas, southeast to southwest and south. 
Along the eastern slope of the Rocky Mountains, northeast to north- 
west and north. Over the Middle and Northern Plateau regions, west 
and southwest. Southern Plateau, variable. Along the Paci&o coast, 
■west and nortliwest, except southerly in the Nortli Pacific coast region. 

Migh wbids. — Winds of 50 miles per hour and over were reported ae 
follows: On the summit of Mount Washington, 2d to 7th, 11th, 12th, 
14th to 19th, 21st to 23d, 24th, 25th, 26th, 28th, 29th, 30th; on four of 
these dates the wind reached a velocity of 100 miles or over; the maxi- 
mum velocity, 120 miles N.W., occurred on 2d, 3d, 29th. On the sum- 
mit of Pike's Peak, 2d, 13th, 14th, 15th; maximum velocity 68 N.W., 
14th; Eastport, 52 N.E., 15th; Thatcher's Island, 55 N.E., i5th; New 
:Shoreham, 60 N.E., 15th; Cape Henry, 53 N., 14th; Kittyhawk, 76 
N.E., 14th; Hatteras, GON., 14th; Portsmouth, N. C, 88 N.E., 14th; 
Fort Macon, N. C, 52 N., 14th; Indianola, 51 N.E..4th; North Platte, 
54 S., 30th; Fort Stephenson, Dak., 50 W., 2Gth; Saint Vincent, 
Minn., 56 S.W., 26th. 

Local storms. — De Soto County, Mississippi, 12th, about 3 p.m., vio- 
lent tornado appeared to originate near Commerce, a small town on the 
Mississippi, where it wrecked ten cabins, three gin-houses, and demol- 
ished a store and its contents, valued at 12,000. From this place the 
jjtom passed in an E.N.E. direction, and was next heard of at a point 
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about five rniles northwest of Hernaiido. In this vicinity the loss to 
property and life was very severe; 25 buildings of various kinde were 
totally demolished, and 10 persons killed. Length of storm-path abont 
25 miles, width from 100 to 300 yards. Verj- heavy rain and hail fol- 
lowed this tornado at Senatobia and several other points in the vicinity, 
in some cases hail-stonea falling the size of hen's eggs. It is of import- 
ance to note that the occurrence of electricity or thunder waa not 
reported as observed from any part of the tornado's path. Through 
portions of Prairie, Monroe, Lee. and Saint Francis Conntice, Arkansas, 
12th, about 3 p.m., violent tornado passed from southwest to northeast, 
visiting several towns, ai»ong which were Brinkley, Forrest City, and 
Cotton Plant. After the passage of the atomj at these points, showers 
of jagged pieces of ice, 4 to 6 inches in width and 2 to 2J inches in 
thickness, fell, resembling broken river ice. These tornadoes developed 
in connection with the passage of low area No. III. northeastward from 
Texas to the Ohio Valley. On the afternoon of the 13th warm south- 
erly winds prevailed along the West Gulf coast and in the interior of the 
bordering States, which were opposed to the northward of Arkansas and 
Mississippi by cold northerly winds, presenting a contrast in temperature 
of from 35" to 50°. Still farther northward, in the States of Illinois, 
Iowa, and Colorado, snow was reported, with temperature of 19°, afi", 
iind 27°, and to the southward, in lower Texas, temperatures of 80° to 
90° occurred. Saftord, Chase County, Kansas, 30th, about 6 p.m., tor- 
nado passed from southwest to nori;heast over section of country three 
miles north of station; path very narrow and destruction of property 
considerable. This storm developed in connection with an area of low 
barometer then extending from Northern Kansas to Central Minnesota 
and Dakota. On the afternoon of the 30th warm sontherly winds, with 
temperatures ranging from 60° to 87°, prevailed over the lower Missouri 
Valley, opposed to the northward in Dakotaand Minnesota by northerly 
winds, producing contrasts of temperature ranging from 20° to 30°. At 
Effiporia, Kana., very high southerly winds were reported during the 
day. Total movement from 8.35 to 10.35 p.m.. Ill miles; from 10.03 
to 10.08 P.M.. velocity reached the rate of 72 miles per hour; at 10 p.m., 
velocity C4 miles per hour. Clay Centre, Kans., 24th, very violent, 
blowing down houses and trees, and overturning railroad cars. Mam- 
moth Cave, Ky., 12th, very severe, maximum wind velocity 60 miles. 
Garysburg, N. C, 29th, blowing down trees and buildings. Elsworth, 
N. C, 8th, buildings unroofed and other property damaged. Clarks- 
Tille, Tenn., 28th, 7 a.m., very violent wind-storm; several buildings 
unroofed. Fort Douglas, Utah, 18th, very violent, blowing down fences 
and unroofing buildings. 

Wat-sr-spoufs. — Cairo, 28th, three water-spouts observed one-half 

mile southwest of station and in close proximity. Toronto, Canada, 

, x6th, 10 A.M., on lake. 
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ATMOSPHERIC ELECTRICITY. 

Auroras. — There have been an unusual number of displays reported 
irom the Lake region. Most of them occurred on dates coincident 
with those in other districts to the east and west^ thus completing the 
•connection which frequently has been wanting over this region, from 
one cause or another, generally presumed to be cloudiness and therefore 
irustrating any attempt to trace a continuous line of obseryation from 
east to west, which from the nature of auroral display is known to be 
its ordinary disposition. 
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AKOMETBIC PBB3srBE. 



The distribation of mean atmospheric pressure over the United States 
and Canada for the montli of Muv, 1681, is shown by isobaric lines npoa 
the Chart. The area of low pressure, which remained about central OTer 
New England and the Canadian maritime provinces during the past 
three months, which has now disapi>eare(l, being replaced by pressures 
ranging from 30.05 to 30,11, which are the highest on record for any 
June since 187i, and, together with the Northern Pacific coast, are the 
regions of highest pressure for the month. The regions of lowest prea- 
Eure occupy the Upper Mississippi and the Lower Missouri Valleys and 
California. Compared with the preceding mouth, the pressure is con- 
siderably higher east of the 67th meridian, ranging from +0.05 to 
+ 6.4G, while to the westwfird of that boundary a decrease is ohserred, 
ranging from —0,03 to —0.14. Compared with the same month in pre- 
Tious years, the disposition of pressure is very much the same, except 
the remarkably high area over the Canadian maritime provinces. Here- 
tofore the pressure has averaged about ^9.95 in this section, while the 
high areas were common to the Northern Pacific coast and the Eastern 
Gulf States. It is interesting to note in this connection that in the pre- 
ceding month (April) the lowest pressures for many years prevailed over 
the Canadian maritime provinces, while in the present month the re- 
verse prevails to even a greater degree. 

Departures from the normal values for the month. — The pressure is 
everywhere above the normal, except in the Gulf States (excluding 
Texas), Florida, and along the Pacific coast. Prom the interior of the 
country the departures increase to the east and west, the areas of great- 
est deviations coinciding with the regions of highest and lowest pressure, 
viz.. New England and the Missouri Valleys. 

Areas of high barometer. — Six such areas during the month of May 
have been sufficiently marked to merit description. The minimum 
temperatures for the month occurring in the Northwest on the 2d; in 
the Lake region on the 2d. 3d, and 4th; in the Ohio Valley on the 3d 
and 4th; in New England and the Middle Atlantic States on the 4th 
and 5th, are associated with high area No. 1. The minimum tempera- 
tures in Tennessee, the East Gulf, and southern portion of the South 
Atlantic States occurring on the 18tb and 19th, are associated with a 
ion then central off the South Atlantic coast. 
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No. I. — This area, which was described ae high area No. V. in the 
April Review, was central in the Middle Atlantic States at midnight of 
April 30th. It moved southward during the 1st of May, and at mid- 
night was off the South Atlantic coast. During the 2d the pressure 
gradually diminished in the South Atlantic States. 

No. II. — At the morning report of May 1st, the pressure was above 
the norma! at all stations east of the Rocky Mountains, except Marquette 
and Escanaba, and an area of high barometer was approaching the Lake 
region from the Northwest, where the pressure was 0.3 inch above the 
normal. This area moved slowly eastward, and on the morning of tbe 
Sd was central tn Manitoba as an area of 30.4 inches. During the i<l 
the temperature fell decidedly in the Lake region. Continuing its east- 
ward movement the area was central on the morning of the 3d in On- 
tario, when the isobaric line of 30.4 inches embraced the whole of the 
Lake region, where the temperatures were from 13° to 19° below the 
normal. The lowest temperatures reported were 26* at Alpena and 32° 
at Dnluth. On the momiug of the 4th the area of 30.4 inches em- 
braced New England, the Middle Atlantic States, and the greater por- 
tions of the Lake region and the Canadian maritime provinces. The 
temperatures continued below the mean in all districts east of the Rocky 
Mountains, excepting the Gulf States. During the 5th and 6th the 
pressure on the North Atlantic coast gradually decreased, the area mov- 
ing eastward and disappearing on the latter date. Cautionary signals 
were ordered up on the morning of the 3d from Delaware Breakwater to 
Cape Hatteras. They were lowered at Chincotoague and Delaware 
Breakwater at midnight of the 3d, and on the North Carolina coast on 
the morning of the 4th, having been fully justified. 

No. Ill, — This area appeared in the Saint Lawrence Valley at mid- 
night on the 7th, and moving in an easterly direction during the 8th 
and 9th, caused easterly winds and local rains in the Canadian maritime 
provinoes and New England. At midnight of the 9tb it bad disap- 
peared. 

No. IV, — During the 11th the pressure rapidly increaaed in the 
■extreme Northwest, and on the morning of the 13th an area of high 
barometer was central in the northern portion of the Missouri Valley, 
where the barometer was 0.3 iuch above the normal. Following in rear 
of low area No. II. this area moved across the Lake region and up the 
Saint Lawrence Valley, and at the afternoon report of the 14th had dis- 
appeared. In advance of this area the temperature iu the Lower Lake 
region, the Middle Atlantic States, and New England were extremely 
high. On the 11th aud 12th a decided fail occurred in the Mississippi 
and Missouri Valleys, and on the latter date in the Lake region. An 
abnormal fall of 33° in eight hours was reported from Port Huron at 
midnight of the 12th. The maximum temperatures for the month in 
the Middle Atlantic States occurred on the 13th, at which time the hi gh 
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area was in the Lake region, and the winds in the Middle Atlantic States 
were northweaterly. The temperature fell decidedly on the lith. 

No. V. — At the morning report oC the 16tli the preaaures east of the 
Mississippi were below the normal. During the 15th the pressurea re- 
covered in the Lake region. New England, and the Saint Lawrence Val- 
ley. The barometer continued to rige rapidly in the Canadian maritime 
provinces during the 16th, and an area of high barometer remained 
nearly stationary in the Gulf of Saint Lawrence during the 16th, 17tb, 
18th, and 19th. On the latter date the pressures diminished somewhat, 
but recovered by the morning of the aoth, and continued high until 
midnight of the 21st, after which time the pressure decreased. This 
area, in connection with low areas Nos. III. and IV. caused strong north- 
easterly winds and heavy rains in New England and the Middle Atlantic 
States from midnight on the 15th until the 22d. Cautionary signals 
were ordered up at Eastport, Portland, Boston, and Wood's Holl at 
midnight of the 16th, and the signals ordered in advance of low area 
No. Ill, from Chincoteague to New Shoreham were kept displayed until 
the afternoon of the 17th, when lowered. The signals on the New Eng- 
land coast were lowered on the a/temoon of the 19th. All signals were 
Justified by the following maximum velocities: Eaatport, N.E. 55 miles; 
Portland, N.E. 32; Boston, N.E. 30; Wood's Holl, N.E. 28; Thatcher's 
Island, N.E. 44; New Shoreham, N.E. 48; Sandy Hook, N.E. 36; and 
Chincoteague, N.E, 38. 

No. VI. — The pressures remained above the normal east of the Mis- 
sissippi after the passage of area No. V. During the 33d the barometer 
rose in Canada, and on the morning of the 33d a high area, of 0.3 inch 
above the normal, was central north of Montreal. This area moved 
filowly eastward; anil at the afternoon report of the 36th was central 
east of the Canadian maritime provinces. On the 37th it had disap- 
peared. 

Areas of low barometer. — Five such areas are charted for the month 
of May. Nos. IV. and V. are specially interesting from the unusual 
paths pursued by them. None of the storms charted display particular 
energy. 

No. rV. — This area was probably a secondary development of No. III. 
During the IGth and 17th the barometer continued low on the South At- 
lantic coast, and threatening weather with rain continued in New Eng- 
land and the Middle Atlantic States, in which districts the winds were 
under the influence of high area No. V., which was in the Gulf of Saint 
Lawrence. On the morning of the 18th a depression was centraf south- 
«ast of Cape Hatteras. At this time cloudy and rainy weather, accom- 
panied by strong northeasterly winds, prevailed from Eastport, Me., to 
Cape Lookout. The cautionary signals which had been hoisted from 
Eastport to New Shoreham on the 16th were kept displayed. During the 
] Sth the depression moved northward, and at the afternoon report v 
23 
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BAROMETBIO PREd^UBB. 



The distribatiOQ of mean atmospheric pressure over the TJnited States 
and Canada for the month of May, 1881, is ehown by taobanc lines upon 
the Chart. Tho area of low preasure, which remained about central over 
\ew England and the Canadian maritime provinces dnringthe past 
three months, which has now disappeared, being replaced by presenrea 
ranging from 30.05 to 30.11, which are the highest on record for any 
Jane Bince 187i, and, together with tho Northern Pacific coast, are the 
regions of highest pressure for the mouth. The regions of lowest pres- 
sure occupy tho Upper Mississippi and the Lower Missouri Valleys and 
California. Compared with the preceding month, the pressure is con- 
siderably higher east of the 87th meridian, ranging from +0.03 to 
+ 6,4C, while to the westward of that boundary a decreaBO is observed, 
ranging from —0.03 to —0.14. Compared with the same month in pre- 
vious years, the disposition of pressure is very much the same, except 
the remarkably high area over the Cana<1ian maritime provinces. Here- 
tofore the pressure has averaged about 29.95 in this section, while the 
high areas were common to the Northern Pacific coast and the Eastern 
Gulf States. It is interesting to note in this connection that in the pre- 
ceding month (April) the lowest pressures for many years prevailed over 
the Canadian maritime provinces, while in the present month the re- 
verse prevails to even a greater degree. 

Departures from the normal values for the month. — The pressure ia 
everywhere above the normal, except in the Gulf States (excluding 
Texas), Florida, and along the Pacific coast. From the interior of the 
country the departures increase to the east and west, the areas of great- 
est deviations coinciding with the regions of highest and lowest pressure, 
viz.. New England and the Missouri Valleys. 

Areas of high barometer. — Six such areas during the month of May 
have been sufficiently marked to merit description. The minimum 
temperatures for the month occurring in the Northwest on the Sd; in 
the Lake region on the 3d, 3d, and 4th; in the Ohio Valley on the 3d 
and 4th; in New England and the Middle Atlantic States on the 4th 
and 5th, are associated with high area No. 1. The minimum tempera- 
tures in Tennessee, the East Gulf, and southern portion of the South 
Atlantic States occurring on the 18th and 19th, are associated with a 
depression thon central off the South Atlantic coast. 
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fhower of nin, bating fire nunotes, fell wbea the entire skrorerfaead 
leemed free from clonds, and stars conld be seen efainiog brightly, 
altboagh some ligbt cloade were risible near the western horizon. 

Snow fell, with few exceptions, OTer a narrow belt of conntry 
reaching from Northwestern Montana eontheastward to Central Colo- 
rado, and was reported from Tariona stationg on the following dates: Fort 
Shaw, 22d, 23d; Helena. Deer Lodge, and Fort Benton. a2d: Fo< Ellie. 
13th; Deadwood, 11th; Fort Waahaitee, Wyo.. 13th. 18th: Cheyenne and 
Denver, 17th; summit of Pike's Peak, 1st to 4th, Cth, 7th, 12th, ISth. 
Ifith, 20th, 23d, 26th, 2dth, 30th, 31dt; Colorado Springs, 17th, 16th, 
19th; Carson City, Nev,, 23d on monntains west of station; Otego, Xev,, 
no date; Summit and Truckee, CaL, no date, on summit of Mount Wash- 
ington, 2d, 6th. 

Snoa OH ground at end of month. — Pike's Peak, 16.50 inches. 

Hail-storms were of frequent occurrence in various puts of the 
oonntry, the most destructive being reported as follows: Newtown, Penn., 
28th, between 5 and 6 p.m., very violent; thonsands of panes of glass were 
broken, vegetable gardens and fields of grain entirely destroyed, fruit 
trees stripped of blossoms and leaves, and in several cases of bark. Path 
of etorm very narrow, in some cases being sosharply defined as to follow 
the highway, committing damages on bnt one side. In some portions of 
the track hailstones as large as walnuts fell, covering the groand to a 
depth of 2 to 3 inches. Direction of storm-path, southwest to northeast, 
length about six miles. Terrific hail-atorms visited this section about the 
middle of May, in 1800 and 1869. Belle County, Tex., 28th, p.m,. very 
riolent, destroying crops and damaging buildings; especial injury was in- 
flicted upon coni, cotton, and wheat. New Hackensack, N.Y., 31st., 
during afternoon, terrific storm, extending from this point to Fishkill 
Plains. All grain along the storm's path entirely destroyed and com and 
young fruit killed. Storm lasted about 45 minutes. Some hailstones 
were two inches in diameter, and on the following morning bail was 
found in some places a foot deep. Saint Clair, Mich., 14th, 3.30 V.H., 
rain fell in almost incredible quantities, and hailstones were as large as 
hickory nuts; a large quantity of window glass was broken and great 
damage done to fruit trees. Bellville, Mo., 14th, about 1 p.m., very 
violent; fruit trees and garden truck suffered severely; large quantities 
of window glass broken; much damage to farm crops. Brockwar 
Centre, Mich., 14th, about 3 p.m., terrific storm of hail and wind, hail- 
stones largest ever known to have fallen here; some measured 1^ inches 
in diameter. Hardly a house in the track of the storm but had all the 
glass in the north and west sides broken out. Several buildings were 
blown down and great damage done to grain crops and fruit trees, 
liength of storm path about six miles, direction from southwest to north- 
east. Bloomfield. N. J., 22d, liail fell in great quantities and of large 
size, doing terrible damage to greenhouses, tender plants and strawbe 





riea. This storm was equally severe at other points in New Jersey, viz.. 
Paterson, Orange, and Irviiigton, La MesUla, 18th, half inch in iliam- 
1 eter. Colorado Springs, 17th, 3.10 p.m., lasting 15 minutes; stones odo 
inch in diameter. Spearville, Kaus., 1st, stones sizo of walnuts; much 
property destroyed. Fort Davis, 2d, 4th, 2Cth, atones as large as quails' 
eggs. Highland Station, Tex., 8th, doing considerable damage to crops 
and window glass. Oorsleana, 34th, hailstones as large as liickory nuts, 
greatdamage to growing crops. Macon, N.O., 18th, 10.07 to 11.45 a.m., 
completely destroying gardens and farm crops in vicinity. Nora 
' Springs, Iowa, 30th, stones varying in size from peas to Alberts. 

j^^^^rlie percentage of mean relative humidity for the month ranges as 
follows: New England. 71 to 89; Middle Atlantic States, 58 to 90; 
South Atlantic States, 59 to 81; Eastern Gulf States, 59 to 81; Western 
Gulf States, 60 to 77; Oliio Valley and Tennessee, 55 to 09; Lower Lake 
region, 62 to ?5; Tipper Lake region, 05 to 75; Upper Mississippi Val- 
ley, 57 to 69; Missouri Valley, 66 to 70; Red River of the North Valley, 
67 to 69; Texas, 31 to 76; Middle Plateau, 2fi to 34; Southern Plateau, 
24 to 39; California, 39 to 75: Oregon, 44 to 57; Washington Territory, 
Olympia, OS. High stations report the following percentages, not cor- 
rected for altitude; Pike's Peak, 65.4; Santa Fe, 35.8; Cheyenne, 52.8; 
Denver, 53.2; Mount Washington, 82.1. 
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fe WINDS. 

e prevailing winds durmg May, 1881, at Signal Service stations, 
iwn on the Chart by arrows which fly with the wind. Along the 
New England and South Atlantic coasts, and from tho Ohio Valley 
southeastward to the ocean, they were from the northeast; along the 
Middle Atlantic coast, from sotitheiist to southwest; throughout the 
Mississippi Valley and in Texas, southeast and south; in the Lake 
I region, variable; in the Rocky Mountain region, southerly; over the 
Middle and Northern Plateaus and Northern Pacific coast region, north 
to west. 

High winds, — Winds of 50 miles per hour and over were reported as 
follows: On summit of Pike's Peak, 10th, a violent hurricjine prevailed, 
reaching a maximum velocity of 112 miles per hour at 12.15 a.m. of the 
11th, when the anemometer cups were blown away. From this time until 
3.30 A.M. the wind increased in violence, reaching an estimated velocity of 
150 miles per hour. On summit of Mount Washington, 1st, 2d, 6th, 
9th, 10th to 12th, 15th to 19th, 27th, 29th, 30th. Maximum velocity, 
78 miles, N.W., 2d; Fort Keogh, 02, N.W., 21st; North Platte, 56, 8., 



16th; Fort Elliott, 52, N.W., 7th, 8th; Fort SiU, 60, S.E., 8th; De- 
catur, 64, N.E., 25th; Indianola, 56, N., 29th; Eartport, 55, N.E., 
17th. 

Local stonns. — Near Pensacola, FU,, 24th, very violent, boildings 
blown down, and many tresB uprooted; rain-fall excessively heavy; 
Carpenter's Creek overflowed, and the ford on the Ferry Pass route was 
completely changed. McLenan County, Texas, 28th, p.m., in southern 
part, several farm-houses demolished and two persons killed; storm 
passed from 8.W. to N.E.; in the northern part of the county, net 
Crawford, another violent wind storm passed from S.W. to N.E., i 
roofing and destroying buildings and seriously damaging crops. Dalla 
TexaE, doth, very violent, unroofing buildings; rain fell in torrenta 
Taylor, Williamson County, Texas, 28th, p.m., very violent, laetinj 
forty minutes; every building in the town more or less damaged; r 
were totally wrecked; in the county along the path of the storm fenofl 
were blown down and trees uprooted. Anna, 111., 14th, heavy vix 
storm; portion of the Insane Hospital building blown down, and i 
other property damaged. Chester, III., 14th, terrific wind storm, much 
damage to property in lower part of town; roofs torn off and buildings 
demolished; considerable loss of property in surrounding country. 
Laurens County, Ga,, 14th, during the evening tornado passed from 
N.W. to S.E. over the county, destroying everything in its path; the de- 
struction of timber was almost unprecedented; where the storm-cloud 
passed over an oatfieid, it literally tore up by the roots and carried 
away the grain over au area of 135 yards wide, leaving the standing 
grain on either side uuniflSed; the storm was accompanied at many 
places by heavy bail. North Platte, 9th, twenty miles east of station, 
demolishing houses, windmills, and the Union Pacific Railroad depot. 
I^redo, 8th, unroofing buildings, blowing down signs, trees, etc. Gaines- 
ville, Texaa, 28th, 7 p.m., blowing down houses, trees, and fenoag,^^ 
Montgomery, Ala., Slat, blowing down trees, signs, and fences. Ga] 
lumbuB, Ohio, 14th, 5 to 5.30 p.m., air filled with debris, buildings u 
roofed, trees, fences, and sigua demolished. Charlotte, N. C, I5tll| 
2.50 P.M., unroofing and blowing down large number of buildings, i 
committing other damage. Clay Centre, Kansas, 13th, six miles S.I 
of station, tornado passed from S.W. to N.E., several buildings demol-" 
ished. Yates Centre, Kan.. 16th, small tornado passed over Owl Creek 
Township, nine miles N.E. of station, destroying two frame houses; 
direction of storm centre, S.W. to N.E. Westerville, Ohio, 14th, , 
centre passed about one mile south of station in a northeasterly dir« 
tion, blowing down trees, fences, and buildings. North Lewisburf 
Ohio, 14th, very violent, blowing down trees, building, and feuoi 
storm passed from S.W. to N.E. Milton, Pa., 10th, 6.30 p.m., unrot 
ing buildings, uprooting trees, and blowing down fences. 

Waterspouts. — Mobile, 31st, observed in Mobile Bay at 4.30 p.l 
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trunk was large and well-definod; moved from southwest to northeaet; 
was viaible for ten minntea. Clay Centre, Kan., 17th, 18th, 19th, 

Sand-storms.— FoTt Grant, 14th; Fort Verde, 10th, -Z'Zd; Tucson, 
6th to lOth; Camp Thomas, 5th, Gth, 10th, 14fch, 19th, 22d, 24th, 25th, 
30th; Fort Yuma, Cal., 9th, 10th, 18th, 2l8t. 

ATMOSPHEEIC ELECTBICITT. 

Thunder-storms. — In the various districtg they were reported on the 
following dates: New England, 2d, 5th. 6th, 8th to 13th, 15th to 18th, 
22d to 24th, 25th, 2:th, 29th, 30th, Slst. Middle Atlantic States, ad, 
9th, 10th to 16th, 20th, 2lBt, 22d, 2Cth to Slst. South Atlantic States, 
2d to 4th, 6th, 10th, 13th to 17th, 19th. 22d to 25th, 28th to Slat. Flo- 
rida, 2d, 5th, 6th, 14th, 15th, 20th, 22d, 26th to Slat. Eastern Gnlf 
States, let to 11th, 14th, 15th, 2lBt to 26th, 29th, 30th, 31st. Western 
Gnlf States (including Texas), 1st to 12th, 16th to 3l8t. Ohio Valley 
and Tennessee, 1st to lOlh, 12th to 14th, 22d to 24th, 26th to Slst. 
Lower Lake region, 5th, 8th to 14th, 28th, Slat. Upper Lake region, 
7th to 9th, 11th to 14th, 36th, 2?th, a9th, Slst. Upper Mississippi Val- 
ley, let, 2d, 4th, 7th to 14th, 16th, 19th, 21st to 31st. Lower Miasouri 
Valley, Ist to 23d, 26th to Slst. Southern Slope, lat to Sd, 12th to 
I5th, 17th, 18th, 22d, 34th, 25th. Middle Slope, Ist, 6th, 8th, 
9th, 10th, 15th, 16th, 23d to a6th, 38th to 30th. Northern Slope, 3d, 
4th, 6th, 8th, 9th, 10th, 15th, 2ad, 24th to 31st. Southern Plateau, 
14th, 15th. Middle Plateau, 9th, 10th, 15th. Northern Plateau, 3d, 
4th, 8th, 12th, 30th, 23d, 37th, 30th. Southern Pacific coast region, 14th, 
15th, 16th, 17th. Middle Pacific coast region, lat, 15th, 21st to 24th. 
Northern Pacific coast region, 27th. 

Atmospheric electricity interfering with telegraphic communication. — 
Fort Keogh, Slat, lightning very vivid and almost continuoua, but no 
audible thunder; had to cut out instruments. Deadwood, 34th, 25th, 
2Gth; Fort Griffin, 24th, 25th; Jacksonboro", 3d, 4th, 11th, 26th to 
28th; Eagle Paaa, 4th, 5th, 7th; Castroville. 5th to 7th, 17th, 18th, 
28th, 29th; San Antonio, 38th, 29th; Fort McKavett, 3d, 17th, 18th; 
Brackettville, 3d, 4th, 5th, 7th, 18th; Fort Elliott, 12th; Mount 
Washington, 10th. 

Orovnd currents. — Dayton, Wash., 30th; Deadwood, 23d. 
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BARO»BTRIU PRESSURE. 

The distribution of mean atmosplieric pressure over the United States 
and CauadB for the mouth of June. 1881, is ehown by isobaric lines 
upon the Chart. The region of the area of low, which is changed dar- 
ing the month of May from the Canadian maritime provinces to the 
Missouri Valley, still remains over the latter district, hut with a more 
decided and estenaive depression. The pressure over the former district 
has fallen very decidedly, forming an area of 29.85, which, with that 
over the Missouri Valley, makes two areas of low for the present month. 
For the same latitudes, the pressure is very evenly distributed over the 
country east of the 100th meridian, but it is generally low, the highest, 
30,00, being reported from only two stations — Cedar Keys and Port 
Eads— and the lowest, 29.83, at Chatham, and 29.84 at Moorhead. 
There are two areas of comparatively high pressure, one covering the 
Gulf coast and the other the North Pacific coast. Compared with the 
preceding month, the pressure is everywhere lower, except over the Flo- 
rida Peninsula, where there is a slight rise. The greatest change is 
shown over the Canadian maritime provinces, where a fall of 0,16 to 
0.35 inch is reported. 

Barometric ranges. — The range of pressure for the month has va- 
ried in the extremes from 0.18 inch at Campo, Cal., to 1.01 inches at 
Eastport. In general, the range varied from 0.4 to 0.6 inch. Along the 
southern boundary of the country, the range increases from California 
and Florida inward to the maximum at Brownsville, Tes., while over 
the northern boundary it diminishes from Washington Territory and 
Maine inward to the minimum in Montana. 

Areas of high barometer. — Six such areas have been sufficiently im- 
portant during the month of June, 1881, to merit description. 

No. I. — This area appeared on the morning of the 1st over the 
Northern Slope and the eastern portion of the Middle Plateau region, 
where the pressure was from 0.06 to 0.1 inch above the normal. 2d, moved 
slowly eastward, covering the region from Western Texas northward to 
British America; barometer 0.09 to 0.2 inch above the normal. 3d, 
covered nearly the whole of Texas, and spread eastward over the Upper 
Mississippi Valley and western portion of the Upper Lakes; Leaven- 
worth + 0.19, Saint Paul +0.16, and Duluth +0.13 inch above the nor- 
mal. On this and the preceding day the lowest temperatures of the 
month in Texas were recorded at most stations. During the 4th and 5th, 



passed southeastward over Tennessee and the Ohio Valley to the Soal 
Atlantic coast. On these dates the lowest temperatures of the month ' 
the Upper Mississippi and Ohio Valleys, Tennessee, the Eastern 
and South Atlantic States were reported from most stations. 

No, II. — Appeared ou the afternoon of the 5ch over the Lake Si 
perior region; Marquette harometer, 0.13 incli above the normal. By 
the afternoon of the Gth this area had spread southeastward to the Mid- 
dle Atlantic coast and eastward to Maine; barometer 0.03 to 0.3 inch 
above the normal. 7th, pressure above the normal along the entire At- 
lantic coast from Key West to Sidney, Cape Breton Island. On this 
date occurred in New England the lowest temperatures of the month, 
fith, disappeared over the ocean. 

No. Ill, — As area No, II, left the Atlantic coast the pressure again 
rose decidedly over the Lake Superior region, and by the morning of the 
9th the area of high covered the Missouri Valley, and extended thence 
northeastward over the Upper Lakes and Canada to the Gulf of Saint 
Lawrence; barometer from 0.03 to 0.18 inch above the normal. During 
the 9th the area spread southward to Tennessee and covered the whole 
of New England and the Canadian maritime provinces, where, in the 
latter district, the barometer was from 0.15 to 0.34 inch above the nor- 
mal. 10th, pressure rose rapidly over New England and the maritime 
provinces, where the barometer was from 0.25 to 0.45 inch above the 
normal. 11th, pressure rapidly diminishing; area covered the country 
from the Ohio Valley and Tennessee eastward to the Atlantic. 12th, 
remained about stationary, pressure slowly rising along the immediate 
coast and In the maritime provinces. 13th, disappeared entirely dnring 
the night, except at Sidney, Cape Breton Island, which remained above 
the normal until the afternoon of the 14th, 

No. IV. — On the morning of the 13th the pressure was slightly above 
the normal from Arizona and New Mexico northward to British Amer- 
ica, and by midnight this area had extended eastward to the Mississippi. 
and covered every western district except the Middle Plateau and Cali- 
fornia, being from 0. 01 to 0.11 inch above the normal. 14th, spread east- 
ward to about the 80th meridian, highest pressure in the Missouri Valley; 
barometer slowly falling over the Rocky Mountain and Plateau regions. 
15th, covered the entire country {except Florida) from Texas northeast- 
ward to Maine; barometer from 0,03 to 0,03 inch above the norm;!; 
highest over the Lake region. 16th, barometer above the normal over 
the entire country, except Florida, the maritime provinces, and the 
Upper Mississippi and L a wer Missouri Valleys; highest pressure over 
Lower Lakes. 17th, one portion of area disappeared off the South 
lantic coast and the remainder over the Mississippi Valley. 

No. V. — Passed southeastward from the Saskatchewan Valley on the 
19th; Fort Bufort barometer at midnight 0.27 inch above the normal. 
SOth, covered the region north of Iowa and niinoia and every district 
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westward to the Pacific, except the Midille Plateau; highest preeeure in 
Dakota and Minnesota, where the barometer was from 0.13 to 0,3 inch 
above the normal. 2l8t, moved south eastward, the line of no change 
passing northeastward from Indian Territory to the eastern end of Lake 
Ontario; highest pressure still in the northwest. 23d. pressure above 
the normal over the entire northern half of the country, except New 
England; highest pressure over the Upper Lakes. 23d, pressure above 
the normal over the entire country north of the 33th parallel, except the 
Pacific coast; highest pressure over the Lake region. 34th, pressure 
everywhere above the normal, oust of the 107th meridian, except along 
the Gn!f coast; highest over the Lower Lakes. ".iSth, centre of highest 
pressure about stationary; area closing np from the eontb. the line of no 
change running eastward through Tenneasee. 26th, pressure above the 
normal from the Gulf northeastward to the Saint Lawrence Valley; 
highest barometer over New England and eastward. 2Tth, by midnight 
area confined to the Canadian maritime provinces; barometer 0.1 to 0.19 
inch above the normal. 38th, disappeared off the Nova Scotia coast 
during the afternoon. 

No. VI. — On the morning of the 28th the influence of a high-pres- 
sure area was observed descending over Montana and Dakota from the 
Saskatchewan Valley and moving southeastward; by afternoon Fort 
Buford barometer 0.09 inch above the normal. 39th, a.m., barometerat 
at Bismarck 0.3 inch above the normal, the high area during the day 
extending southeastward into Iowa and Kansas. 30th, a.m., barometer 
at Duluth 0.18 inch above the normal; area extended south westward into 
Colorado and northeastward over the Upper Lakes. By midnight the 
pressure was from 0.03 to 0.29 inch above the normal from Texas north- 
eastward to the province of Ontario and northward to the Lake Superior 
region. Further description of this area will be found in the July, 1881, 
review. 

Arms of low barometer. — Six such areas have been charted for the 
month of June, ISSl. No unusual display of energy waa noted in the 
progress of any of them. 

TEMPEUATCBE OF THE AIE. 

The mean temperature of the air for June, 1881, is shown by the 
isothermal lines on the Chart. Departures of such means from the ave- 
rage for many years. From Lake Superior southeastward to North Car- 
olina, and thence northeastward to the CanaiJiau maritime provincea, 
the temperature ia from 2.7° to 4,4° below the normal; over the northern 
half of the Pacific coaat, and in the Northern Plateau district, from 1.3° 
to 3.1° below the normal. Elsewhere in the various districts the tempe- 
rature is from 0.4° to 6.1° above the normal, except in the Upper 
Mississippi Valley and South Pacific coast region, where no change is 
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recorded. Mount WaBhington ia 5,3° below; Pike'e Peak, 7.4° abovf 
and Salt Lake City, 3.0° above. 

High temperatures. — New Orleans, daring the week ending Ji 
18th, highest maximum temperatures iu past 43 years; 12tb, 91'^ 
92°; 14th, 95°; 15th, 91; 16th, 96°; 17th. 93°; 18th, 91°. aunstrokafti 
were numerous on the following dates: 14th to 17th, Slat, 23d, 25th to 
27th. Laborers ceased work on 2oth on account of extreme heat. 
Carthage, Mo,, 10th, temperature 104° in the shade; all workmen on 
the MiaBouri Pacific Railroad compelled to quit labor. North 
28th, temperature 94°; one case of sunstroke; first ever known hi 
Mobile 15th, sunstrokes reported; 24th, business suspended ou acci 
heat. 

Frosts. — With the exception of Highlands, N. C, on the 5th, 
station east of the 100th meridian and south of parallel 40" repoi 
their occurrence. They were reported from New England and th& 
northern portion of the Middle Atlantic States on the following 
dates: 2d, othto 7th, 15th, 16tli, aist to24th; Lake region. 2d, 5th. 11th, 
aist to 24th; Middle Rocky Mountain slope, 3d, 8th. 19th, 2ad, 
24th; Northern Plateau, 15th, 16th, 21at, 22d; Middle Plateau, 7th, 
10th, 20th, 21st, 23d; North Pacific coaat region, 8th; Southern Ci 
fomia, 4th, 11th, 18th, 19th, 20th, 21st, 29th. They were reported 
injuriona to vegetation from various localities, aa follows: Eagle 
16th; Eacanaba, Cth; Port Huron, 6th, Gth, 10th, 21at, 23d; Oaw) 
and Mount Washington. 7th; Thomville, Mich., 6th, 21st. 22d, 
Friendship, N. Y., 22d; Dyberry, Pa., and Port Jervis, and WatertOl 
. N. Y., 7th; Coalville, Utah, 23d. 

Ice. — The only station reporting its formation during the month 
Mount Washington, on the following dates: 3d, 4tb, 5th, 6th. 

PEECIPITATION. 

The general distribution of rain-fall for June, 1881, is shown on thft 
Chart, from the reports of over 500 stations. Upon examination of the 
chart and a comparison with the records of June for previous yeara, there 
is found a marked deficiency over the aouthem half of the country east 
of the 100th meridian. Other deficiencies are found in the Lower Mis- 
souri Valley, Minnesota, and Upper Lakes. The greatest deficiency 
occurred in fbe West Gulf Statea and Texas, where (particularly in the 
latter) a period of almost unprecedented drought occurred. There was 
a marked deficiency in the South Atlantic States — 2.40 inches, but nn 
reports of special suffering from drought are at hand. The excess of 
rain-fall was most marked from Canada southeastward to the Atlantic, 
over a portion of which region exceedingly heavy floods occurred. Slight 
excesacs were reported in the Ohio, Upper Mississippi, and Upper Mis- 
Boari Valleys, although there were many isolated cases of unuaaaUy 
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heavy rain-fallB. Along the Pacific coast the rauge is from normal in 
the South Pacific region to + 1.34 inches in the North Pacific region. 

Rainy days. — The number varied in New England from 11 to 21; 
Middle Atlantic States, 11 to 18; Sonth Atlantic States, 8 to 17; East 
Gulf States, 4 to 12; West Gulf States, to 10; Ohio Valley and Ten- 
nessee, 14 to 21; Lower Lake region, 10 to 17; Upper Lake region, 
12 to 20; Upper Mississippi Valley, 13 to 21: Missouri Valley. 14 to 
17; extreme Northwest, 8 to 15: Northern Slope, 3 to 14; Middle 
Slope, 3 to 9; Southern Slope, 1 to 7; Rio Grande Valley, 1 to 2; 
Southern Plateau, to 7; Middle Plateau, 1 to 5; Northern Plateau, 3 
to 20; North Pacific coast region, 12 to 20; Middle and South Pacific 
coast regions, to 4. 

Cloudy days. — The number varied in New England from 4 to 14; 
Middle Atlantic States, t! to 14; South Atlantic States, to 17; 
East Gulf States, 1 to 8; West Gulf States, to 3; Ohio Valley and 
Tennessee, to 12; Lower Lake region, 8 to 12; Upper Lake region, 5 
to 11; Upper Mississippi Valley, 5 to 16; Missouri Valley, 3 to 12; 
extreme Northwest, 6 to 13; Northern Slope, 3 to 10; Middle Slope, 
to 3; Sonthem Slope, to 2; Rio Grande Valley, to 2; Southern 
Plateau, to 7; Middle Plateau, to 4; Northern Plateau, 4 to 14; 
North Pacific coast region, 14 to 20; Middle and South Pacific coaet 
regions, to 7. 

Snow. — Carson City, Nev,, 7th, fell on mountains west of station 
during night; Fort Bidwell, Cal., 7th; Bangor, Me., 16th; Mount 
Washington, 2lBt; Pike's Peak, 2d, 4th, 5th; Fort Benton, 9th, 11th, 
22d. 

Hailstorms were of frequent occurrence in various parts of the 
country, the most destructive being reported as follows: Franklin, N. 
H., 22d, about 4 p.si,, many hail-stones were more than one inch in 
diameter; half the houses in the town had their windows shattered, 
and gardens everywhere were ruined; 28th, hail-stones fell more than 
half an inch in diameter; two-thirds ot the buildings in the town had 
their windows shattered; crops in the surrounding conntrj- suffered 
severely. A violent wind accompanied the storm, which uprooted trees, 
demolished chimneys, and wrecked several buildings. Freight cars at 
the depot of the Northern Central Railroail were blown from the track. 
Wichita, Kans., 24th. most destructive ever known here. A section of 
country ten raUes wide and twenty miles long, in the Arkansas River 
Valley, suffered very great damage. Tiiousands of acres of wheat, 
corn, and oats were cut down level with the ground; even the prairie 
grass was mown clean, while orchards and grape-vines were stripped of 
their fruit. Washington, D. C, 27th, moat violent for several years; 
storm came up rapidly, and in the most threatening manner from the 
northwest, and continued about forty minutes. Hail-stonos about the 
size of small hazel-nuts, hundreds of sparrows killed, considerable win- 
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dow-glasB broken, and greenhonseB and vegetable gardens injured. 
Storm was entirely confined within the city limits, and paesed from 
N.W. to S.E. Patchogue, Long Island, 23d, very destructive; hail- 
Btonea of unusually large size, destroying crops and a large amount of 
window-glasE. Andover, N. li., 28th, great loss to growing crops and 
window-glass. Mill Creek, Union County, 111., 'M, ground covered to 
a depth of from 2 to 4 inches, and drifts 8 to 10 inches deep were re- 
ported from several localities. Wheat, com, and fruit crops entirely 
destroyed over a section 3 miles wide by 10 miles long. Grant's Pass, 
Oreg., 9th, hail fell to the depth of several inches, and in many places 
drifted 3 to 5 feet deep; great destruction of property. Lewistou, Idaho, 
3d, 3 P.M., heaviest hail-Btorm ever experienced in this section, some hail- 
stones measured 6 to 8 inches in circumference. The destruction of 
window-glasB was very great, and in a number of places fields of grain 
were cut down as clean as if by machinery; direction of storm southwest 
to northeast; duration from 8 to 10 minutes. Asotin, Idaho, 3d, re- 
markably heavy; large number of sheep killed; chickens, goslings, cur- 
lews, doves, and other small birds were killed by the hundreds; etorm 
lasted about 10 miuutes, Anna, 111., 2d, 4 miles west of station, moat 
violent storm ever known; fniit, grain, and vegetable farms nearly dev- 
astated; hail a foot deep in some places on the following morning. 
Lamar, Mo., 9th, hail-stones size of goose eggs; windows broken in all 
parts of the town, and farm crops badly cut up. North Platte, Nebr., 
9tL, several miles west of station, many hail-stones reported to be lij 
inches in circumference, in several places telegraph wires were broken 
and roofs of houses punctured. 24th, all glass on the north and west 
sides of buildings destroyed; growing crops very badly damaged. Home, 
Henry County, Iowa, 12th, violent hail and wind-storm; several buil 
ings unroofed, and great destruction to window-glass and crops. M< 
teith, Guthrie County, Iowa, 13th, hail-stones tearing shutters to pieoeKi 
and breaking window-glass; crops beaten into the ground, and much 
stock and poultry killed. At Adair, very heavy hail; several buildings 
unroofed. At Casey, crops destroyed and buildings badly damaged. 
At Mento, city hall unroofed, windows broken, farm crops mined; 
almost impossible to estimate the damage. Avoca, Pottawattomie 
County, Iowa, 12th, 5,000 panes of glass broken; buildings otherwise 
damaged. In surrounding country calves, hogs, chickens, and ducks 
were killed by the enormous hail; cattle and horses were terribly 
bruised; hall-stones size of a man's fiat. In Audubon and Case Coun- 
ties, 13th, hail-stones of remarkable size, and blown into drifts 2 and S 
feet deep; growing crops almost obliterated. Rockingham Count] 
Virginia, 25th, near North Mountain, hail fell to a depth of 6 inchi 
the stones being of uncommon size, and remaining on the ground for 
24 hours. Deadwood, Dak., 6th, during the afternoon hailstones, size 
of hen's eggs, fell for over two hours; one stone was reported to have 
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measured 31 mcfaes in ctrcumfereDce. Oincinaati, Ohio, 13tli, hail- 
stones from 2 to 6 inches in circumference, and some reported to haye 
l)een 5 inches in diameter; 20 minutes after the storm etoues were 
picked up as large as goose-eggs. Greenhouses and gardens damaged 
severely, and muny thousand panes of glass broken; severest storm ever 
experienced. Abilene, Kans., 9th, continued for about 'iO minutes, 
causing great damage to window-giaes, trees, and garden crops; in coun- 
try loss to crops very heavy. Beloit, Kaiis,, 9th, very heavy, breaking 
window-glass and destroying crops. Solomon City. Kaiis., 9tb, glass in 
the north windows of nearly all of the houses in the city were broken; 
hail-stones as large as walnuts, and covering the ground to a depth of 
several inches. Chester, III., 2d, hail-stonoa nearly the size of goose- 
eggs, doing great damage to gardens, trees, and windows, aud severely 
injuring persons and stock. Storm continued for fi||een minutes. 
Clinton, 111,, 2d, great damage to fmit and growing crops. Storm cou- 
tinned for about ten minutes. Rockbridge, 111., 'M, hail-stonea IJ 
inches in diameter; hundreds of acres of wheat completely torn to 
pieces, and not worth harvesting; fruit very badly damaged. Walnut 
Grove, 111., 2d, over 500 acres of growing wheat and young corn terribly 
cut up; large amount of window-glass broken. White Hall, 111., 2d, 
most violent storm ever experienced; great destruction of wheat, corn, 
potatoes, and fruit; a number of birds, chickens, and rabbits were found 
killed by the hail; direction of etorm-path northwest to soatheaat; 
length about seven miles; width, one mile, 

EELAirTE HUMIDITT. 

The percentage of mean relative humidity for the month ranges as 
follows: New England, from 64 to 90. Middle Atlantic States, 60 
to 82. South Atlantic States, 55 to 83. East Gulf States, 60 to 80. West 
Gulf States, 52 to 72. Ohio Valley and Tennessee, 62 to 77. Lower 
Lake region, 66 to 77. Upper Lake region, 69 to 76. Upper Missis- 
sippi Valley, 67 to 76. Missouri Valley, 66 to 68. Extreme North- 
west, 65 to 74. Northern Slope, 57 to 66. Southern Slope. 29 to 57. 
Rio Grande Valley, 52 to 73. Southern Plateau, 18 to 25; Middle Pla- 
teau, 13 to 27. Northern Plateau, 37 to 48. North Pacific coast region, 
66 to 73, Cahfomia, 36 to 77, High stations report the following per- 
centages not corrected for altitudes: Pike's Peak, 48; Santa F6, 30; 
Cheyenne, 33; Denver, 31; Mount Washington, 78. 



The prevailing winds duriug the month of June, 1881, at Signal 
Service stations are shown on the Chart by arrows which fly with the 
wind. Over the country east of the Mississippi and south of the Ohio, 
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Bontliwest. Orer the Lakes, northerly. Over the Middle Atlantic 
States and Kev England, variable. From Texas northward to Mani- 
toba, southeast and south. Over the Plateau regions, south to vest. 
Along tho Pacific coast westerly. 

High mjteh. — Winds of 50 miles per hour and over were reported as 
follows: Ou Bummit of Mount Washington, 3d, 5th, 6th, 10th, 14th 
to 20th, 27th, 2i)th; maiimum velocity, 94 miles, N.W., 16th. On 
summit of Pike's Peak, 76 S.ff., 15th; North Platte, 34th, 25th, 28th; 
maximum Telocity, 60 W., 25th; Fort Keogh, 60 S.W., 5th: Ports- 
mouth, GO N.E., 33d; Sandusky, 57 N.W., 39th; Yankton, 56 W., 28th; 
Dodge City, 56 N.W., 25th: Thatcher's Island, 56 N.E., 10th; Fort Bu- 
ford, 55 N.W., 10th; Cape May, 53 W., 8th: Stocktou, 53 S.E., 28th; 
Fort Stevenson, 50 S.E., 15th; Delaware Breakwater, 50 N.W., 8th; 
Chincoteague,50 S.W., 39th; Morgantown, 50 W., 39th. 

Local storms. — Storms of this character have not been unusually fre- 
.qnent or severe during the present month, although the loss of life and 
property has been very great. The most destructive were confined to 
the region known aa the Lower Missouri Valley, comprising the weet- 
'Crn portions of Missouri and Iowa and the eastern portion of Kansas and 
Nebraska. Several storms were reported by the newspapers and others 
as tornadoes, but, upon examination, they proved to be only very severe 
hai!-storms or wind-storms of considerable force, tho characteristics of 
a tornado proper not being manifested. The most violent of that clasa 
of storms, called tornadoes, occurred on the afternoon of the 12th, and 
during that portion of the day the peculiar atmospheric conditions which 
prevailed over the Lower Missouri Valley. The area of low baro- 
meter extended from the Upper Lake region southwestward to northern 
Texas, and thence northward to Manitoba. Along the southeast- 
em edge of this area and northward to parallel 40' the winds from 
south to southwest, with temperatures ranging from 80° to 100°. 
Over Iowa, Nebraska, and extending thence westward into Colorado 
and Wyoming, a belt of north to northwest winds prevailed, with tem- 
peratures Hinging from 63" to 78°, Confined to a region of country 
having s width of about 500 miles, a thermal difference of 37" was pre- 
sented along the line of conflict between the opposing northerlv and 
southerly winds. Bounded by the distinctive features of these atmo- 
spheric currents, it is found that Kansas, Missouri, Iowa, and Nebraska, 
but more particularly the two former, -come within the region of vio- 
lent wind-storms and tornadoes. Andrew County, Missouri, 12th, abont 
5 P.M,, violent tornado formed eight miles northwest of Savannah, and 
passed in an easterly direction several miles north of the town. Its 
course continued a little north of east until it reached Flag Springs, 
when it bore still more to the north, passing over the village of King 
tJity, De Kalb County, after which its course could not be traced from 
Jihe imperfect data at hand. During its incipient stages, the path of 
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destrnction was about 160 yards wide, increasing thereafter to about one- 
quarter of a mile. The storm-cloud was funnel-shaped, with the emallec 
end towards the earth. At times it would careeu from side to sidOr 
followed by an upward and downward motion of the body of the cloud, 
as if drawing itself into a sheath. Along the path of the Btorm every- 
thing was swept clean; the destruction of growing crops could not be 
estimated. About 80 buildings were demolished and 13 or 15 persons 
killed. One man was reported to have lost 80 head of cattle, another 
250 sheep, and another 6 head of horses; other farmers lost heavily ia 
stock, the losses of this nature being unprecedented. De Kalb County, 
Missouri, 12th, about 5 p.m., tornado formed several miles to southweat 
of Winslow, and moved thence northeastward, passing near that town. 
Continuing its northeasterly course, it reached tlie village of -Berlin, 
Gentry County, thereafter disappearing to the northeastward near 
Grand River. Several persons were killed outright and many seriously 
injured. The destruction of houses, barnes, fences, and farming im- 
plements was very great. Width of storm-path about 200 yards. Nod- 
away County, Missouri, 13tb, between 4 and 5 p.m., tornado formed in 
vicinity of City Bluffs, near the Nodaway River, and passed northeast- 
ward to the west of Hopkins. Several persons were killed and many 
buildings demolished. Indiana, Pa., 7th, very violent and destructive 
tornado; cloud funnel-shaped, small end toward the ground. Direction 
of movement southwest to northeast, passing over the most thickly set- 
tled portion of Washington, Wayne, and Cherryhill Townships. Fif- 
teen buildings were destroyed, and a large amount of growing timber, 
fences, crops, etc. At some points, the storm was not more than lOO 
yards wide, and at times would appear to lift from the ground and again 
descend with redoubled fury. Length of storm-path over 15 miles. 
Loss of property estimated at 140,000. Osage County, Kansas, 12th, 
about 4 P.M., tornado formed east of Olivet, near the Marius des Cygnes 
River, and passed northeastward over the country lying to the south of 
Salt Creek, and traversingportions of Olivet, Melvern, and Agency Town- 
ships. At Quenemo, near the junction of Salt Creek and the river 
above named, many buildings were demolished, the debris being scat- 
tered for miles. Along the course of the storm, cattle were lifted into 
the air and dashed lifeless to the ground, articles of household goods 
were smashed into atoms, and bL'dding and clotldng whipped into rags. 
In some cases, people were stripped of their clothing by the force of the 
wind, and small objects were carried several miles. Five persons were 
reported killed and over 20 wounded. Over 50 buildings were totally 
wrecked, and together with the loss to crops, fences, and orchards, the 
damage is estimated at 1150,000. Cowley County, Kansas, 12th, about 
4 P.M., tornado formed to the south westward, near the Arkansas River, 
a few miles below Minnescah, and passed thence northeastward to the 
town of Floral, on Timber Creek, where it destroyed 38 honae^ killed 
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3 peraona, and wounded 22. The whole town was nearly wiped oat of 
existence. Where the storm-cloud Btrack the creek, the water was 
encked up and carried over the adjoining fields in the path of the 
storm. The leaves on the trees were withered, as by the heat of fire, 
and huge trees were pulled up by the roots or twisted off by the wrrible 
force of the wind. The clond was in hue a greenish -black, with streaks 
of fire apparently darting through it. Its form was fnnnel-sbaped. with 
the smaller end toward the ground. Its movement was not altogether 
ContinaouB and regular, but it would gyrate from side to side, and then 
dart forward with renewed energy. After leariog Floral, the storm's 
course was still northeastward, and great destruction to cropa, fences, 
and buildings was caused in the neighboring county. Length of storm- 
path oVer 20 miles, the width varying from a few hundred feet to a 
quarter of a mile. Id many instances, the line of destruction would be 
very closely defined, for on one side of a rood the laud might be swept 
clean, while no injury would be done on the other side. This storm is 
considered the most destructive that ever visited Southern Kansas 
Belle Plaiue, Sumner County, Kansas, 12th, about 4 p.m., tornado 
formed several miles to the southwest, near the Minneacah Eiver. 
Course of storm-path northeastward, crossing the Arkansas Biver three 
miles south of Mulvane Junction. Cloud funnel-shaped, with the small 
end downward, drawing everything inward and npward. During the 
passage of the cloud, hait-stones over two inches in diameter fell in large 
qnantities, and a hot sontherly wind prevailed, which made it difficolt 
to breathe. 

Water spouts. — On Chesapeake Bay, off Hooper's Island, 9th, during 
the passage of a severe squall, a large spout suddenly descended, and, 
catching a small schooner near by, completely turned her over. Port 
Eads, La., 29th, two were observed at 1.20 p.m., over the Gulf to the 
southeast: they formed under a cumulo-stratus cloud in the shape of a 
cone ; one disappeared before its completion ; the other gradually elon- 
gated until it reached the water. The upper portion, or cone, was of 
the same color as the cloud, and the lower portion was of a light gray. 
It moved to the S.S.E., and at 1.28 p.m. broke, leaving a ragged edge, 
which rose to the cloud. Port Stevenson, Dakota, 11th, observed about 
two miles from post before the approach of a terrific hail-storm. 

Cloud burst: — Seven Star Springs, Barry County, Mo., 11th, broke 
in the hills above the town, the water rushing down, carrying away 
houses, household goods, and animals. Five persons drowned. 

Bigk tides. — Ooney Island, 10th, unusually high, overflowed the 
meadows behind the hotels. 

ATMOSPHEKIC ELECTRIC ITY. 

Thunder-storms. — In the various districts they were reported on the 
following dates : Xew England, 4th to 7th, 13th to 15th, 19th to 21at, 
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33d. 26t.h, 28th, and 29tlj. Middle Atlantic States, 1st to 10th, 13th, 
14th, 16th to 21st, and SSth to 30th. Eastern Gnlf States, Ist, 
3d, 4th, Cth to 12th, and 14th to 30th. Western Gulf States, let, Sd, 
4th, 6th to 10th, 13th, 14th, 16th, i:th, 19th to 27th. 29th, 30th. Ohio 
Valley and Tennessee. 1st to 9th, 13th to 21st, 23d, 35th to 30th. 
Lower Lake region, 1st, 2d, fith to 8th, 12th, 13th, 15th to inh, 20th, 
25th, 27th, asth. Upper Lake region. Ist to 3d, 5th to 8th. 1 1th to 
13th, 16th, ISth to 20th. Extreme Northwest, 5th to 13th, 15tli, 16th, 
19th, 26th, 2?th. Upper Mississippi Valley, 1st, 2d, 4th to 8th, 10th to 
3Ut, 23d, 24th, 26th to 30th. Missouri Valley, Ist to 12th. I4th, 15th, 
17th, 19th to 30th. Northern Slope, Ist to 15th, iSth to 35th, 28th. 
Middle Slope, Ist to 12th, !4th, 17th, !9th, 21st to 30th. Sonthera 
Slope, lat, 2d, 5th to 12th, 25th to 27th, 29th. EJo Grande Valley, 
0th, 8th, 20th, 36th, 99th. Southern Platean, 3d, 5th, 14th to 16th, 
18th, 24th. Middle Plateau, 4th, 10th, 13th. Northern Plateau, Ist to 
3d, 7th to 10th, ISth. 14th, ISth to 30th, 23d, 38th, North Pacific 
coaat region, 8th. California, 2d, 3d, 6th, Cth, 14th. 

The following items of interest connected with the peculiar manifes- 
tationB of electricity during the progress of thunder-storms were ob- 
tained from various sources: WilUamsbridge, Westchester County, N.Y., 
14th, at telegraph office, where 116 wires center, the electric current was 
80 powerful that it drove every one out of the rooms. The switoh-boards 
were covered with one sheet of fire; large balls of electricity leaped 
from the instruments and shot out from the pins and plugs at the ends 
of the wires. The manager of the office was knocked down as he ap- 
proached the switch-board. In the vicinity of the town two boys were 
instantly killed as they took shelter from the storm under a large tree. 
Not a mark or hruiso except a black spot on the left leg of one of 
them was fonnd upon their bodies. The lightning followed down the 
trunk in a serpentine manner, boring a ragged hole in the ground near 
the roots. Wakefield, N. Y., 14th, house demolished, prostrating the 
inmates, and killing a horse standing in the street. One of the inmates 
was thrown violently to the fioor, and had a hole about the size of a 
saucer burned in her dress. Broekport, Ind., 24th, two laborers having 
driven a reaping machine under a tree, were struck, one of them in- 
stantly killed, while the other had his pantaloon legs ripped open and 
his shoes torn off, but no further injury. Areola, N. J., 14th, ice- 
houses fired and destroyed; one laborer was struck and thrown 40 feet. 
£Iizabeth, N. J., 14th, while two persons were fishing in a sail boat 
upon Newark Bay one of them was killed instantly, leaving the other 
nninjured. His clothing was stripped from him and his left boot ripped 
open as if it had been cut with a knife. The lightning after leaving 
the body tore a largo hole in the bottom of the boat. Anne Arundel 
County, Md., 10th, a barn containing 15 or 20 people was struck, kill- 
ing four persons and severly injuring several others. Two of the victims 
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were fearfully bnmed, while the others showed only a purple scar where 
struck. Reiatertown, Md., 10th, a young man killed while working in 
the field, his companion standing very close to him was only knocked 
down, but with no resulting injury. Henrietta, Tex., 9th, two ladies 
instantly killed while riding along in a carriage. Peoria, 111., 11th, a 
farmer while crossing the iron bridge over Kickapoo River was instantly 
killed; his son close beside him was not injured. Hunnewell, Kan.. 
12th, a farmer instantly killed while unsaddling his horse in the barn. 
His clothes were completely torn from his body, his watch-chain molted, 
and Ilia face and boily badly mangled. The horse was killed, and one 
end of the bam torn out. Clinton Valley, Ohio, 20th, boy instantly 
killed while riding horseback. His body bore no marks, bnt the horse 
on which he rode was torn to pieces. Jamaica, N. Y., 23d, a young girl 
while seated under a tree was struck and knocked a distance of 10 feet, 
but not seriously injured ; three other persons near by were fatally in- 
jured. Detroit, Mich., 16th, a house struck, blackening the walls and 
tearing off picture-mouldings. At the marine hospital a 40-foot flag- 
staff situated on the roof was shattered to within 20 feet of the base, 
where the electric current was conducted down the iron braces, making 
two small sharply cut holes in the corrugated iron roof. Ohio, ICth, 
the moat destructive electric storm ever known was experienced through- 
out central and northern portions of the State. Dubuque, Iowa, 18tb, 
a man while seeking shelter in an ice-house was struck, the lightning 
scorching one of hie legs severely and tearing off his shoo and stocking. 
A brakeman leading two dogs within the yard of the Illinois Central 
Railroad Company had both of thera killed while he escaped the slight- 
est injury. At the Norwegian Plough Works the lightning made such a 
terrific display as to drive all the employes out of the buildings. At the 
Illinois Central freight office balls of fire were constantly shooting from 
the telephones. Warwatosa, Milwaukee County, Wis., 16th, during a 
light rain the lightning descended the chimney of a house, killing one 
of the occupants. The room in which the person was killed had the 
plastering torn from the walls; a heavy bedstead was jerked into the 
middle of the room, shivered into long pieces, and set on fire. A stove 
was smashed to atoms, and crocks, pans, and other wares were broken 
and twisted into all kinds of shapes. The other rooms of the house 
were not in the least affected, and six children sleeping in the main part 
were undisturbed. 

Aimospkeric electricily interfering with telegraphic communications. 
—Port Sill, 6th, rth. 9th: Jackaborough, 7th, 9th; Stockton, 1st, 5th, 
6th, 8th, aeth, 27th; Decatur, 9th. 

Auroras. — There were no unusually brilliant displays during the 
month, and no continuous observations on a single date embracinK'jr 
considerable extent of territory. 



CHAPTER XX. 
THE SEASONS. 



Oebtain diseases, and the mortality arising from them, are so com- 
monly identified with jjarticular eeasons of the year, as to have long since 
attracted the attention of observers to the influence of the seasons upon 
health in general, insomuch that the four seasons in temperate lati- 
tudes have come to he more or less identified with the preponderance of 
some diseases, and tlie absence of others to such a degree as to be a mat- 
ter of common observation. Moreover, many people, and particularly 
chronic invalids, are so sensitive to the influence of the seasons, that in 
order to maintain a comfortable standard of health, they are constrained 
to avoid particular seasons by a change of climate. And thus it has 
come about that the identification of certain diseases with the season has 
not infrequently led the way to the more permanent conditions identified 
with climate. 

In England, especially, where the mortality returns have attained a 
high degree of accuracy, more than thirty years ago Dr. Benjamin 
Ward Richardson made an analysis of the seasons in relation with 139,318 
cases occurring during the years extending from 1838 to 1853, from small- 
pox, measles, scarlatina, whooping-cough, croup, diarrhcea, dysentery, 
cholera, influenza, ague, remittent fever, typhus, erysipelas, quinsy, 
hronchitis, jaundice, and carbuncle. 

"Out of the 139,318 cases thus chronicled, as occurring from the 
above-named diseases, and estimating the gross mortality, according to 
the season, without reference to particular years, the percentage of mor- 
tality in the difEerent quarters ran as follows: 



In January, February, and March, . 
April, May, and June, 
July, August, and September, . 
October, November, and December, 



25 per cent 



" Having learned thus much, I set about ascertaining, on the same 
large scale, whether the fatal diseases were in any way special to the sea- 
sons. The answer to the inquiry was to this effect: 

" Whooping-cough, croup, small-pox, and bronchitis were most com- 
mon in the first quarter. 
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IstQuar. SdQuar. SdQuar. 4tliQiiar. 

Small-pox, 27,853 24,551 22,824 25,272 

Whooping-cough, .... 82,704 27,825 17,116 22,354 

Croup, 27,523 25,100 19,919 27,456 

Bronchitis, 86,793 20,801 10,827 82,570 

" Pneumonia, I believe, might very projwriy have been added here. 
' In the second quarter quinsy only stood ahead. Thus: 

iBtQuar. adQuar. SdQiiar. 4tiiQuar. 
Quinsy, 21,762 80,595 21,281 36.410 

" In the third quarter, diarrhoea, dysentery, and jaundice took the 
lead. 

IstQuar. ddQuar. SdQuar. 4thQaar. 

Diarrhoea, 10,196 10.717 58,519 20,567 

Dysentery, . . . . . 15,638 13,541 42,460 28,340 

Jaundice 24,877 24,030 26,967 24,109 

''In this third quarter, Asiatic cholera, when epidemic, assumes a 
greater mortality and prevalence than at any other season. 

''In the fourth quarter, influenza, ague, remittent fever, measles, 
erysipelas, and carbuncle took the lead. 

1st Quar. 2d Quar. ad Quar. 4th Quar. 

Influenza, 23,539 12, 171. 4,502 59.785 

A;^ue 22,aW 24,285 20,006 82,851 

Remittent to ^er, . . . 23,077 26,315 23,481 27,125 

Typhus, 25,740 24.825 22,919 26,521 

Scarlet fever, .... 20,809 18,978 26,234 38,976 

Measles, 19,864 21,466 26,234 82,434 

Erysifielas 25,144 23,444 22,337 29,174 

Carbuncle 26,771 19,685 24,409 29,133 

" In the first quarter the diseases of the respiratory system — croup, 
whooping-cough, and bronchitis — ^stand forth prominently, while in the 
fourth quarter a large family of diseases of the febrile or inflammatory 
order take the first position. 

" It is not by mere accident that these divisions occur; they are the 
effects of fixed, though nearly unknown, physical or chemical laws. 

"It is worthy of special remark that the fourth quarter of the year is 
that in which the number of diseases causing a prominent mortality is, 
as a general rule, greatest, and that next to it is the quarter commenc- 
ing with the New Year. As the cold of winter more decidedly sets in, 
we begin to see developed, almost of necessity, an increase of death from 
pulmonary diseases, and of low fever amongst the poor, if provisions be- 
come high in price or deficient in quantity or quality.*'* 
In the same work the author has also summarized: — 

!*• The Field of Disease, *» p. 630-523. 
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THE INFLITENCE OF WEATHER ON MORTALITY FROM DIFFERENT 
DISEASES AND AT DIFFERENT AGES IN LONDON AND NEW 
YORK. 

BT AIXX&KDER BUCBAN, F.n.S.E., AND AKTHUR HTTCHBLL, H.B., LL.D., F.R.S.I:. 

IFrom the JoumklB oC theScoltl&U MeWorDloglul Sociptj. ISTVISiS.) 

^I0D3 OF MORTALITY IN TAEIOTTS CONDITIONS OF DISEASE. 
. Irritation. Teething. 
London. — Maximum. — January to middle of June and end of July; ab- 
solute, March, April. 
Minimum. — Middle of June to end of December, with excep- 
tion of last week in July; absolate, October, November.' 
Dropsy. 

London. — Maximum. — November to April; absolute, February, March. 
Minimum. — June to October; absolute, July, August, 
Atrophy. 
London. — Maximnm. — July to September; absolute, August, 

Minimum, — October to end of June; absolute. May, June, 
^^ Curve is allied to that for tabes, mesenteric and bowel dis- 



^^F Mortijication. 

London. — Maximum. — Beginning of December to beginning of May; 
absolute, March, April, 
Minimum. — .June to beginning of December; absolute, 
August and September, 

Senile Decay ; Old Aye. 
London. — Maximum. — Cloee of November to end of April; absolute, 
January. 
Minimum.— May to close of November; absolute, July to Oc- 
tober. 
Very rapid rise in this curve in November. 

PBa iODS OF MORTALITY IN DISEASES RUITNINO A DEFINITE COURSE IK 
BOTH SEXES AN'D ALL AGES. 




lOHDOS AND NEW YORK. 

Small-Pox. 
-Maximum. — Last week of May. 
Minimnm, — Last week of September. 
Above the average from Christmas to end of June. 
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New York. — Maximum. — May. 

Minimum.— September. 

Above the average from January to July. 

Measles. 

London. — Maximum. — Larger, November, December, January; smaller. 

May and June. 
Minimum. — Larger, August, September, October; smaller, 
February, March. 
New York. — Maximum. — Larger, July; smaller, February. 

Minimum.— Larger, September; smaller, April 

Scarlet Fever. 

London. — Maximum. — September to end of year. 
Minimum. — February to end of July 
Highest death-rate through October and November. 

New York. — Maximum. — December to June; absolute, April. 

Minimum. — July to November; absolute, September. 

Tyjfhus. 

London. — Maximum. — January to beginning of May. 

Minimum. — Middle of May to end of September. Except 
hot season of July and beginning of August, typhus is be- 
low average from middle of May to end of September. 

Typhoid Fever. 
London. — Maximum. — October and November. 

■ 

Minimum. — Middle of May to end of June. 
Falls below average last week of February; begins to rise 
gradually in July. 
New York. — Maximum. — ^August to November; absolute, September. 

Minimum. — Nearly equal over other months of the year. 

Remittent Fever. 
London. — Maximum. — Larger, April to June; smaller^ middle of De- 
cember. 
Minimum. — September. 

Diarrhma. 

London. — Maximum. — Middle of July to beginning of August. 
Minimum. — Absolute, March and April. 
Maximum commences slowly in June; after August decreases 
(at a slower rate than it rose) until December. 
New York. — Maximum. — July and August. 

Minimum. — December, January, February, and March. 
Death-rate begins to increase in April, two months earlier 
than in London. 
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Simple Cholera. 
London. — Maximum. — July and August. 
Minimum.— March and April. 

Malignant Cholera. 
London. — Maximum. — Sep tem ber , 

Minimum. — April and May. 

» Mortality begins to rise in June, riaea rapidly in July.main- 

tains high and steady poaition in August, runa up to abso- 
lute maximum in September, and then rapidly falls. 
Diphtheria. 
London, — Maximum, — September to end of the year. 

Minimum. — Middle of March to beginning of September. 
Deaths remain above the average from September to the begin- 
ning of March. 
JVflio York. — Maximum. — December. 
Minimum. — August. 

Deaths above average from October to Febmary; below it 
during the rest of the year. 

Wh ooping-co ugh . 
London. — Maximum. — February, March, and first half of April. 
Minimum. — September and October. 

Death-rate above average from middle of December to begin- 
ning of June. 
JVew York. — Maximum. — Larger, September; smaller, February. 
Minimum. — Larger, November; smaller, June. 
The two maxima occur from August to September, and 

from February to April. 
The two minima are from October to January, and from 
May to July. 

Infiuema. 

London. — Maximum. — November, December and January, March and 
April. 
Minimum. — Other months of the year. 
Owing to the rarity of epidemics and the suddenness with 
which the disease appears and disappears, this cannot be ac- 
cepted as the tnie curve of influenza. 
Erysipelas. 
London. — Maximum. — November. 

Minimum. — Middle of June to middle of September. 
Deaths from erysipelas are above the average from the middle 
of September to eud of March; below for the rest of the 
year. 
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Puerperal Fever. 

London. — Maximum. — ^November to March. 

Minimum. — ^From middle of June to 4tli week of September. 
The curve of mortality tallies closely with that for erysipelas. 

Hydrophobia, 

London. — Maximum. — June, July, August, September, December* ab- 
solute, December. 
Minimum. — ^February, March, April, May. 
Calculation is based on fifty-six deaths in thirty years, twenty- 
three of which occurred in 1865-67. 

Fevers in General. 

London. — Maximum. — Beginning of September to end of January. 
Minimum. — From April to August. 

This curve has a well-marked character, though the departure 
from the average is never great. 

PEBIODS OP MOBTALITY IX OBNBBAL DISEASES OP COKSTITUTIONAL 

TYPE, BOTH SEXES AND ALL AGES. 

Rheumatism. 

London. — Maximum. — End of November and beginning of December. 
Minimum. — August and beginning of September. 
The large November-December maximum is prolonged, but 
in a diminished form, to the spring months. 

Ooui. 

London. — Maximum. — Middle of March to end of April. 

Minimum. — Beginning of June to end of year; absolute, Sep- 
tember. 
A large increase takes place in last week in year. Another in 
middle of March ushering in annual maximum. 

Cancer and Cancrum Oris. 

London. — Maximum. — None. 
Minimum. — None. 

Scrofula. 

London. — Maximum. — Larger, middle of April to first week of August; 

smaller, in October. 
Minimum. — January, February, September, November^ De- 
cember. 

Mesenteric Disease and Scrofula. 

London. — Maximum. — Middle of July to middle of September. 

Minimum. — End of December to beginning of February. 
The mortality follows curve of temperature very closely. 
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New York. — Maximum. — July, August, and September. 

Minimum. — December to early part of June; absolute^ 
December and January. 

Diabetes. 

London. — Maximum. — None. 
Minimum. — None. 

Purpura and Scurvy. 

London. — Maximum. — March to July. 

Minimum. — December to beginning of January. 

PERIODS OF MORTALITY OF LOPAL DISEASES IK BOTH SEXES AND ALL 

AGES. 

DISEASES OF THE DIQESTIVE SYSTEM. 

Thrush. 

London. — Maximum. — Last week in July to third in August. 

Minimum. — For the rest of the year; absolute in April and 

May. 
The 'iurve is identical in chief features with that of bowel 

complaints. 

Cynanche- Quinsy; Tonsillitis. 

London. — Maximum. — Middle of October to end of March; absolute, 

end of December and beginning of January. 
Minimum. — August and beginning of October. 
Maximum period is attended with a fall during February. 

Gastritis. 

London. — Maximum. — None. 
Minimum. — None. 

Enteritis. 

London. — Maximum. — End of June to beginning of October; absolute, 

first week in August. 
Minimum. — January, February, March, April, May, Novem- 
ber, December. 

Dysentery. 

London. — Maximum. — June to November; absolute, second week in 

September. 
Minimum. — ^April and May. 
From November to June, death-rate under the average. 
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Intussusception. 

London. — Maximam. — March, August, December, and first half of 

January. 
Minimum. — ^End of May and beginning of June. 
Below ayerage from May to middle of November. 

DISEASES OF THE HEART AND CmCULATION. 

Pericarditis. 

London. — Maximum. — Middle of October to middle of May; absolute 

November. 
Minimum. — Middle of June to middle of September. 
Cu ve resembles that for rheuifiatism. 

Heart Disease Generally. 

London. — Maximum. — November to March; absolute, December and 

January. 
Minimum. — Middle of April to middle of November; absolute, 
middle of August to middle of September. 
I^ew York. — Maximum. — November to May, with fall in February; ab- 
solute, December and January. 
Minimum. — Middle of June to middle of October. 
Curves for London and New York correspond closely. 

RBSFIRATOBT ORGANS. 

Croup. 

London. — Maximum. — Middle of November to end of April; absolute, 

February and March. 
Minimum. — Middle of May to end of September; absolute, 

middle of June to middle of August. 
Absolute maximum is in early spring; absolute minimum in 
middle of summer. 
Jfetv York. — Maximum. — From October to April; absolute, November 

and December. 
Minimum. — May to September; absolute, July and Au- 
gust. 
The curves for London and New York essentially agree. 

Laryngitis. 

London. — Maximum. — Beginning of December to end of May; absolute, 

last three weeks of March. 
Minimum. — June to November; absolute, second week in 

September. 
Sharp fall in January in maximum. 
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I Jiondon,-^£&ximnm.. — November to March; absolnte, second week in 

I January. 

Minimum. — April to October; nbaolute, August, 
Above the average from November to April; below from May 
to October. 

tVork. — Maximnm, — November to March; absolute, middle of 
March. 
Minimum. — June to middle of November; absolute, first 
week in August. 
The number of deaths from bronchitis in New York is only 
one-twentieth of the whole deaths, while in London it is 
one-eighth of the whole, 

Asthma. 
London. — Maximum, — From November to April; absolute, second week 

■ in January. 

Minimum. — The beginning of May to end of October; abso- 
lute, August. 

Pneumonia. 
London, — Maximum. — November to April; absolute, December. 

» Minimum, — Beginning of May to end of October; abeolate, 

August. 
The curve generally the same as for bronchitis, but absolute 
maximum earlier. 
A'eof York. — Maximum, — Beginning of November to middle of May; 
absolute maximum, March. 
^ • Minimum. — Middle of May to beginning of November; ab- 

^^^H solute, July and August. 

™ Phthisis. 

London. — Maximum. — January to middle of June, and middle of No- 
vember to middle of December; absolute, middle of March. 
I Minimum. — Middle of July to middle of November; absolute, 

F fourth week of September. 

I The deaths from this disease are nearly one-eighth of all the 

deaths that occur. 
New York. — Maximum, — Middle of December to middle of May; abso- 
lute, March. 
I Minimum. — Middle of May to middle of December; abao- 

Llute, June. 
The deaths from this disease in New York are greater than 
in London, viz., one-seventh of the whole. 
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Pleurisy. 

London. — Mazimam. — Middle of November to second week of June; 

absolute, December and January. 

Minimum. — Beginning of July to end of October; absolute, 
July and August. 

The curve is subject to numerous fluctuations, and resembles 
curve for rheumatism and pericarditis rather than bron- 
chitis, pneumonia, or asthma. 

Lung Disease Oenerally, 

London, — Maximum. — From beginning of November to end of May; 

absolute, December and January. 
Minimum. — June to November; absolute, July and August. 
This group includes all diseases of the Imigs not already speci- 
fied. 

DISBASBS OF THB NEBYOU8 SYBTEIC. 

Cephalitis. 

London. — Maximum. — From beginning of February to end of July; ab- 
solute, beginning of April. 
Minimum. — From beginning of September to January; abso- 
lute, September, October and November. 
Curve fluctuates considerably. 
New York. — Maximum. — Beginning of February to end of August; ab- 
solute, July. 
Minimum. — Beginning of September to beginning of Feb- 
ruary; absolute, November. 

Hydroc^halus. 

London. — Maximum. — From second week in February to beginning of 

August; absolute, March and April. 
Minimum. — Secoud week in August to beginning of Febru- 
ary; absolute, last week in October. 
Mortality shows secondary increase in July as a constant 
feature. 
New York. — Maximum. — January to beginning of August; absolute, 

April and July. 
Minimum. — Second week in August to first in January; 
absolute, October, November. 

Apoplexy. 

London. — Maximum. — Middle of November to middle of April; abso- 
lute, December, January. 
Minimum. — Middle of April to middle of November, with a 
rise in the last week in June; absolute, third week of July 
to beginning of September. 
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JVew York. — Maximum. — Beginning of December to end of May; abso- 
rt lute, March. 

y^H Minimum. — Beginning of June to end of NoTember; ab- 

P^K solute, July, August, September. 

Paralysis. 
London — Maximum. — Middle of November to end of April: absolute, 
end of January. 

• Minimum. — Beginning of May to middle of November; abso- 

lute, third week in September. 
DiSers from apoplexy in having maximum fatality in mid- 
winter. 

Epilepny. 
Zondon. — Maximum. — Last week of December to third week of April; 

• absolute, third week of March, first week of April. 

Minimum. — Middle of July to first week of September; abso- 
lute, last week in August. 

Coftvuhions. 
London. — Maximum. — December to end of April; absolute, February 
and March. 
Minimum. — Beginning of May to middle of November, with 
a small secondary maximum in July; absolute minimum in 
September, October. 
Jfeto Tori:. — Maximum. — June, Ju.y and August; absolute, July. 

Minimum. — End of September to end of December; abso- 

► lute, November, December. 

Slight maximum in July in London is much exaggerated 
in New York curve. 

Insaniti/. 
London. — Maximum. — December, January, June, March, ApriJ; abso- 
lute, December and January. 
Minimum. — Beginning of July to November; absolute, Sep- 
tember, October, 
The curve is very irregular. 

All Nervous Diseases. 
London, — Maximum. — Beginning of December to close of April; abso- 
lute, March, April. 
Minimum. — Middle of May to close of November; absolute, 
September, October, 
ifew York, — Maximum. — February to end of May slight, and close of 
June, July to middle of August; absolute, July. 
Minimum. — Middle of August to middle of January; ab- 
solute, November. 
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Curve differs in New York from London owing to great 
maximam in Jaly from sunstroke. 

Brain Diseases. 

London. — Maximum. — From beginning of December to end of Aprils 

with slight increases in July; absolute^ March. 
Minimum. — From end of July to end of November; absolute^ 

September, October. 
Curve almost identical with that for epilepsy. Includes all 

brain affections, except convulsions, epilepsy, paralysis, 

apoplexy, cephalitis, insanity. 

DISEASES OF THE ABSORBENT AND GLANDULAR SYSTEM. 

Hepatitis. 

London. — Maximum. — Beginning of May to end of September; absolute, 

August. 

Minimum. — October to end of April; absolute, December, 

January. 

Jaundice. 

London. — Maximum. — March slight, June, with a fall in July; through 

July, August, September; absolute, August. 

Minimum. — November to June, with slight rise above the 
average in February, March, April; absolute, December, 
January, February. 

Curve much resembles that of hepatitis. 

Brighfs Disease of Kidney. 

London. — Maximum. — October to May; absolute, February, March, with 

a dip in December. 
Minimum. — Middle of May to end of September; absolute, 
August, September. 

Kidney Disease {General) . 

London. — Maximum. — End of November to end of April; absolute, 

December, January, and April. 
Minimum. — Middle of May to September; absolute, June, 

August. 

DISEASES OF THE MEMBRANOUS SYSTEM. 

Skin Disease. 

London. — Maximum. — October to middle of January; absolute, Novem- 
ber. 

Minimum. — End of May to beginning of September; absolute, 
June. 

This curve comprehends all skin diseases, except phlegmon 
and ulcer. 



THE BEj 



OSS. 



D1BKA8KB PROM NATUBAI- ACCIDENre. 

Childbirth. (Motlier.) 
IiOndon. — Maximum. — Second week of October to end of March; abso- 

»lute, December, January. 
Minimum. — May, June, July, August; absolute, June to 
August. 

Premature Birth. 
London. — Maximum. — January, February, May, July, August, De- 

»cember. 
Minimum. — During remaining montlis. 
Curve showB little variation from the average througli the 
year, 

Prication. 

London. — Maii mom.— December to middle of April. 

Minimvim. — Middle of April to eod of Kovember. 
Curve allied to that of diseaaea of respiratory organs. 
Want of Breast Milk. 
—July, August, aud September; absolute. 



» 



London. - 



July; 



— Maximum. - 

August. 

Minimum. — October to end of June; absolute. May. 
This curve is allied to that from diseases of abdominal organs, 

Alcohol Diseases and Delirium Tremens. 
London, — Maximnm. — Beginning of Maytoendof September; absolute, 
July. 
Minimum. — Beginning of October to beginning of May, with 
^ rise to the average in October, and aliglitly above the aver- 

I^B age in first week of new year; absolute, January, February, 

^^P March, December, 

^^ The curve for delirium tremens stands alone, resembles no 

other carve, and is steady. 
Suicide. 
London, — Maximum, — Latter part of March to latter part of August, 
absolute, end of June. 
Minimum. — End of August to March; absolute, beginning of 
February. 
jVew Vork. — Maximum. — Beginning of April to end of September; ab- 
solute, May. 
Minimum.— Beginning of October to beginning of April; 

absolute, February. 
Both curves have the maximum period in spring and early 
summer, 
24 




CHAPTER XXI. 

THE EELATIONS OP CLIMATOLOGY TO LIFE IN- 
SURANCE. 

About a dozen years ago^ under the auspices of the '' Chamber of Life 
Insurance/* representing thirty American Life Offices^ a *' Collection of 
the Statistics of Mortality Experience^ classifying, arranging, and 
tabulating them for practical use," was begun and after eight years com- 
pleted in the form now before us.* 

The diseases or causes of death are returned by twenty-seven of the 
thirty companies, including the general collection, and aggregate 37,624; 
of which 35,442 were of males, and 2,182 of females. There were also 
8,919 deaths additional, not specifying diseases* 160 diseases are 
enumerated, and divided into seven classes: 

Diseases ancC Deaths in Twenty-seven Life Insurance Companies from 

their organization to the year 1874. 

DisxAflB. liales. Females. Totato. )( of Total. 

All Causes, 85,442 2,182 87,864 100.00 

Zymotic Diseases, .... 

Constitutional Diseases, 

Nervous Diseases, .... 

Circulatory Diseases, . 

Respiratory Diseases, 

Digestive Diseases, . . . 8,344 278 8,617 9.61 

Miscellaneous Diseases, . . . 5,704 468 6,172 16.42 

The principal or leading diseases in order are typhoid fever — ^which 
appears to have been quite uniformly distributed — 5.99 per cent; other 
fevers, 4.35; consumption, 18.31; apoplexy, 4.70; paralysis and disease 
of brain, 4.34; heart disease, 3.61; pneumonia, 7.68; accidents and in- 
juries, 7.21 per cent of all. Consumption, it is remarked, occurred at 
nearly uniform rates in all the companies, 18.31 per cent; and when in- 
creased, as it probably should be, by one-thirteenth of the deaths by 

* " System and Tables of Life Insurances. A Treatise developed from the 
Experience and Records of Tliirty American Life Offices, under the direction of 
a Committee of Actuaries." By Levi W. Meech, Actuary in Charge. 4to^ 
pp. 558. Published by subscription. 1881. 
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pneamonia (chronic cases), and by deaths registered from abscess of 
lungs, hemorrhage of lungs, aud disease of Inngs, becomes 20.67 per 
cent, or more than one-fifth of the whole mortality. 

Another table shows that the effect of medical selection is exhausted, 
and the average mortality of consumptive cases reached in the third year 
of duration of the insurance. The largest mortality by consumption 
occurs between the ages of 30 and 30 years. But after this period, the 
proportion of consumptive deaths of males bears a twofold aspect. That 
is, when compared with the number of living exposed, it slowly decreases 
to a minimum rate between 50 and 60 years, and then gradually rises 
again, with a heavy mortality all the while in eyery period of age. 

Ratio of Consumptive Deaths to 10,000 Living at each Age, 



But when compared with the total contemporary deaths, the propor- 
tion from consumption continually decreases, as the complementary pro- 
portion from other causes increases above the age of 30 years. 

Passing now to the climatic distribution, we observe that north of 
latitude 36.30° the deaths from consumption are 18.Ti>erceutof the total 
deaths for male life, and 19.3 for females, while south of 30.30, the per- 
centages are 12.3 and 9.0 respectively. The apparent deficiency from 
consumption in the latter proceeds only from comparison with a larger 
total, including an excess from malarial aud other diseases. 

Compared with the United States Census for 1870, the percentage of 
consumptive deaths, 18.3 in a total of 100 deaths insured, is less than the 
result of the Census, which is represented by 2(j.2 for males, and 2S).7 
for females. Thus the rejection of lives uninsurable from incipient con- 
sumption is manifest. 

In proceeding towards the tropical regions, the ratio of deaths by con- 
sumption to those from other diseases gradually diminishes. The de- 
crease, however, is not from absolute decrease of consumptive deaths, 
but entirely from increased mortality from other causes. 

The practical question. What part of the United States is most favor- 
able to consumptive invalids, can now be satisfactorily answered, so far 
as average yearly results are concerned, from the following interesting 
table: 



3 



THB KBLATIOSB Of CLDUTOLOOT TO UWZ DmnABOL 



Proporiiomai I>aaiha and Diseates to 10,000 JToJm living in eaeK 
Group of State*. 



OroapotnXM. 
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in. 
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vn. 
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27.5' 


48.5 


13.9 


23.8 


Now England. 
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Otlier symotic. . . 


3.6 


8.2 


8.T 
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6.3 


18.3 


8.4 


5.9 


Ohio. 
Indiana. 
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lUinoia. 
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Group of SUtes. 


■■ 


It. 


III. 


IT. 


V. 


TI. 


VU. 


HMD 

Orotip. 


— ■ 


Other digeative. 

DubeUa 

Disease of kidne's 
Other urinniy.... 
Child-birth, puer- 

l)eral diseaaes. 
Disease of breast 

and uterus. 
Ali«c«eH, hemor- 

rhagf of old age 
Debility, eihauB- 

tion, etc. 
Accidental injn- 

riea. 

Siiicidea 

nnlinowu cailaes. 

Actual deaths 


1.7 

.6 
8.6 
.9 


2.8 

.6 

1.1 
.S 


8.D 

.B 
3.1 
1.1 


9.8 

.4 
1.9 


8.7 

.8 
2.1 
.9 


G.8 

.8 
3.4 
l.S 


1.7 

.6 
2.0 
.7 


3.6 

.6 
3.4 
.9 




















■ 1.3 

1.0 

7.3 

1.3 
1.8 

ie-273 


.8 

1,0 

0.7 

8.1 
1.0 

3.7ie 


l.I 

3.4 

6.0 

1,8 
1.1 

3.976 


1.1 
.7 
9.0 
1.8 

8.339 


1.8 

l.S 

0.8 

1.8 
2.5 

3.300 


1.1 

18.8 

1.4 
14 

.,»3 


.8 
1.8 
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Ratio of Consumptive Deaths to 10.000 Living. 

Oroupe of SUtea. , . HI. V. VI. I. IV. II. VU. 
Ratio, .... 32.2 31.5 31.0 20.8 18.6 18.9 18.9 

Group III. comprises New Jersey and PennsylTania; V., Delaware, 
Marj-lttnd, District of Columbia, Virginia, Kentucky, and Misaouri; 
VI., States south of latitude aC" 30; I.. New England and New York; 
IV., Ohio, Indiana, Illinois, Iowa, and Kansas; II., Michigan, Wiscon- 
sin, Minnesota, and Nebraska; VII., Washington, Oregon, California, 
Utah, Dakota, and New Mexico. 

By an obvious generalization, the first four groups, comprising the 
Atlantic and Gulf States, from Maine to Florida and from Florida to 
the borders of Mexico, have very ttrnrly the same rale of consumptive 
deaths, or 21 annual deaths to 10,000 living. The Western. States show 
a decrease of the consumptive rate to IBi in Group IV., while the Groups 
II. and VII., or Northwestern and Pacific States, agree in the more 
favorable rate of 17 consumptive deaths to 10,000 living. In catablish- 
jng these important conclusions, the statistics entirely concur without 
discordance. 

But the reader should not fail to observe that tiiese conclusions are 
based upon the statistics of mortality of the irtsitref/— that they do not 
include deaths under fifteen years of age. 

Grouped on the basis of the Census returns for 1880, when (as wCI 
be seen by reference to a previous chapter), the ratio of deaths from 
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consumption to all causes was 12.09^ the ratios would stand under the 
same groups as follows: 



(koops of States, 
Batios, 



IIL V. VL L IV. IL Vn. 
13.4 13.4 8.4 16.7 10.7 10.3 9.1 



But this grouping, it hardly seems necessary to observe, after refer- 
ence, as already made to table of the respective ratios of all the States, 
is manifestly unfair. For example, Missouri, with a ratio of 9.8, is 
placed in the same group with Delaware (16.1) and District of Colum- 
bia, 18.9. Again, New Mexico, with a ratio of 2.1; Utah, 3; and 
Dakota, 8, are grouped with Washington, Oregon, and California, with 
ratios respectively of 12.1, 13.2, and 15.5. A simpler grouping would be: 
I., of those States with ratios below 8 percent; II., of those from 8 to 11 
per cent; III., of those from 11 to 13 per cent; and IV., of those above 
13 per cent. It would be as follows: 

I. The District of Columbia, New England States, Delaware, Cali- 
fornia, New York, Tennessee, New Jersey, Ohio, Michigan, and Wash- 
ington, 15.7 per cent. 

II. West Virginia, Pennsylvania, Virginia, Indiana, Oregon, Mary- 
land, Kentucky, and Wisconsin, 12.1 per cent. 

III. Louisiana, Illinois, Iowa, North Carolina, South Carolina, Min- 
nesota, Alabama, Dakota, Georgia, Nevada, Colorado, Florida, and Iowa, 
9 per cent; and 

IV. Kansas, Nebraska, Arizona, Idaho, Texas, Arkansas, Montana, 
Utah, Wyoming, and New Mexico, 5.4 per cent. 

Moreover, the results, or rather the measure of the prevalence of 
consumption as summed up by the insurance companies — ^that the de- 
crease from consumption in the warmer portion of the United States is 
not absolute, but entirely from increased mortality from other causes — ^is 
not in accord with the most recent census reports, either in respect to 
consumption or the general mortality. 

THE RATIOS OF MORTALITY FROM ALL CAUSES, PER 1,000 OF POPULA- 
TION, IN THE SEVERAL STATES AND TERRITORIES OF THE UNITED 
STATES, ACCORDING TO THE CENSUS OF 1880, ARE AS FOLLOWS: 

Ratio. 

15.21 
14.88 
15.44 
14.87 
18.09 
ia59 
12.06 
11.57 
12.88 
16.88 
18.10 



State. 


Population. 


Ratio. 


State. 




Alabama, 


1,262,505 


14J20 


Kansas, 


996,096 


Arkansas, 


802,525 


18.45 


Kentucky, 


1,648,690 


California, 


864,604 


13.82 


Louisiana, 


989,946 


Colorado, 


104,327 


13.10 


Maine, 


648,986 


Conneoticut, 


622,100 


14.74 


Maryland, 


984,948 


Delaware, 


146,608 


15.08 


MassachusettB 


1,788,086 


Florida, 


269,498 


11.72 


Michigan, 


1,686.987 


Georgia, 


1,542,180 


13.97 


Minnesota, 


780,778 


Illinois, 


8,077,871 


14.62 


Mississippi, 


1,131,597 


Indiana, 


1,978,801 


15.77 


Missouri, 


2,168,880 


Iowa* 


1.624,615 


11.92 


Nebraska, 


452,402 
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Slate. 


Population. 


Ratio. 


HMte. 


Population. 


RallD. 


Nevada, 


63,266 


11.68 


West Virginia, 


618. W7 


11.99 


New Hamphire, 


840.081 


16.08 


Wisconsin, 


,315,497 


12.17 


New Jeraey, 


1,131,110 


16.33 








New Yorh, 


6.083,871 


n.37 


Arizona, 


40.440 


7.18 


North Camlina. 


I,39&,T»I 


15.38 


Dakota. 


135,177 


9.64 


Ohio, 


8,198,063 


13.33 


District ot Columbia, 


177.634 


33.60 


Oregon, 


174.768 


10.6B 


Idaho, 


32,610 


9.»0 


FeniiBylvaDia, 


4,283.801 


14.81 


Montana, 


311.159 


8.5B 


Rhode Island, 


37B,.t81 


17.00 


New Mexico, 


119.085 


20.37 


Soulli Carolina, 


995.577 


15.79 


Utah. 


143,963 


16.76 


Tennessee. 


1,542,359 


IG.80 


Washington, 


75,118 


10.05 


Teias. 


1,581.749 


1S.58 


Wyoming, 


30,789 


8,09 


Vermont, 


332,286 


15.11 








Vlrgini.; 


1.613.565 


16.13 


United States (Tolal), 


"50,155,783 


15.90 



Divided into three groups, say of 12 and under, 12 to 15, and over 
15 per 1,000 of population, the relative heaithfulneBS of the different 
States and Territories of the Union, as measured by the ratio of deaths 
to population, stands in the following order: 



I. 



n. 



UL 



Arizona. 


Michigan. 


Delaware. 


Montana. 


Wiaconain. 


Vermont. 


Washington. 


MiiHissippi. 


Kansas. 


Wyoming. 


Nebraska. 


North Carolina. 


Dakota. 


Colorado. 


Louisiana. 


Idaho. 


Ohio. 


Tex US. 


Oregon. 


California. 


Inaiana. 


Minnesota. 


Georgia. 


Rhode Island. 


Nevada. 


Alabama. 


New Hampshire. 


Florida. 


Kentucky. 


Virginia. 


Iowa. 


lUinoia. 


New Jersey. 


West Virginia. 


Connecticut. 


Utah. 




Maine. 


Tennessee. 


L 


Pennsylvania. 


Missouri. 
New York. 
Maryland. 
Arkansas. 
Massachusetts. 
New Mexico. 



In weighing the valne of this summary, allowance should bo made 
for density of population. With a few exceptions, for example. New 
Mexico and Utah in Group III., the highest ratios of mortality occur in 
those States where the population is moat congregated in cities. And 
the close reader will not fail to observe that the preponderance of con- 
sumption holds the same relation. 
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PRACTICAL CONCLUSrONS. 

Some of the conclusions deducible from the evidence which has now 
been Hubmitted in regard to the climatology of the United States are; 

1, No country in the world poseeBBCS u (greater variety of climate or 
climates with a higher degree of salubrity; but in this country, u. 
elsewhere, the effects are measurably due to the various conditionft 
which obtain among different populations and commanities independent 
of the influences of climate ^er «e. 

General absence of cities and towns and their surroundings, recent- 
ness and sparseness of population, open-air pursuits aud frugal diet, are 
important considerations promotive of the health of the people every- 
where, above all to consumptives. And after all that has now been stated 
of the effects of the atmosphere in high altitudes or at the level of the sea, 
the influences of forests and ocean, of sea-coasts and interior places, humid- 
ity and dryness, cold and heat, the winds, electricity, and ozone, and no- 
matter what of other conditions, the paramount considerations for 
promotion of health are an abundance of pure air and sunshine andotn 
door exercise. Without these no climate is promotive of health or pro^l 
pitious for the cure of disease; and with them it is safe to say 
human powers of accommodation are such that it is difficult to distin- 
guish the peculiarites of any climate by their joint results on the health 
and longevity of its subjects. 

Wliile evidence is still insufficient to show tliat any community of 
considemble magnitude, in any climate, is entirely free from pulmonary 
consumption, or that any ehmate confers immunity from that disease, 
it is doubtless to the greater freedom from impurities of every kind, 
constant freshness and coucomitancy of sunshine more than to density, 
and notwithstanding an excess of moisture, that on ocean atmosphere is 
found to possess the highest degree of salubrity; and, moreover, not 
because it possesses a maximum amount of oxygen, contains small quan- 
tities of hromine and iodine, and is subject to more regular variations of 
barometrical measurement and greater equability of temperature than 
any other, though these may contribute somewhat to the good results. 

2. Sfountain air of an altitude of 3,500 feet and upwards, with 
exceptions, possesses the one chief attribute of salubrity common 
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air — freedom from organic impuritiea. Pnatear, Tyndftll, Rnd others 
have shown that the air of great attitudes is entirely free from orgauic; 
impurities. 

Sfignel, aa recently quoted by Weber,' gives the following interesting 
table of the number of bacteria found in ten cubic metres of air taken, 
as nearly as possible at the same time in July, 1833: 

1. At an elevation of from 2,000 to 4,000 metrea, none. 

2. On the lake of Thirn {5C0 metres), . , 8.0 

3. Near the Hfltol Bellevue. Thun (560 metres), 25.0 

4. In a room of the Hfltol Bellevue, . 600.0 

5. In the Park of Montsouris, near Paris, . 7,600.0 

6. In Paris itself (Rue de Eivoli) . . 55,000.0 
This table is doubtless equally indicative of the difference in the 

amount of float ina^rgauic matter in the air at different altitudes, 
between town and country, and also between in-door and otit-door air 
elsewhere, as in the places mentioned, and is particularly significant vith 
relation to the commonly observed results on the health of persons sub- 
ject to corresponding conditions. And, aa remarked by Weber, it is 
likewise significant in the difference between the air on the lake of Thun 
(8.0) and on the shore, i. e., the grounds of the H6tel Bellevue (25.0). 
With this diminished amount of organic impurities coincident with 
increasing attitude, mountain air possess an increasing diathermancy, an 
excess of ozone, and a minimum of aqueous vapor. How far these gen- 
erally accepted advantages of altitude compensate for the rarefaction of 
the atmosphere, the diminished amount of oxygen, the maximum diur- 
nal variations of temperature, its lowest point, and the greatest and most 
irregular variations of barometrical pressure — qualities accepted aa bene- 
ficial by some, and regarded as positively detrimental by many — is an 
important question for the therapeutist, rather than for the climatolo- 
gist. That the results are frequently in the highest degree beneficial will 
scarcely be doubted by any one who carefully weighs the evidence sub- 
mitted from which this conclusiou is drawn. 

It may here be remarked, however, that the basis of this conclusion 
is by no means confined to the region of the Western Highlanda. The 
careful i-eader will not have failed to observe the disadvantage which ob- 
tains in some portions thereof — extreme aridity and inorganic dust — 
which should be avoided by invalids; nor should he lose sight of the 
eastern highlands of warmer latitudes— the Alleghany region of Geor- 
gia, the Carolinas, Tennessee, Virginia, West Virginia and Pennsyl- 
vania; and the White Mountains — which are devoid of such objection- 
able features. 

3. The atmosphere of islands and sea coasts, places that are favorably 
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atnated with r^aid to utabandance of snnBhme and devoid of conta 
ioating local conditions, is also proportioaall; free from floating mat- 
ter: and it is genemUv eedatire and tonic to coQsnmptires, and fortiftring 
to the human system in a state of health. Theae resnits are most manifest 
in islands dtnated far from the main land, and in peninsular places, of 
irhich Florida ta a prominent example, and the more if in conjanction 
vitb pine forests, though the air in all each sitoations holds a propor- 
tionally large amount of moistore. Bnt a sharp distinction is observable 
^2>etween the results of these conditions and those which obtain along the 
old, damp, and misty sea coasts of New England, and some extensive 
marshy districts and river bottoms of several interior regions, which are 
of all others most predisposing to pulmonary diseases, both on account 
of their intrinsic qualities and the in-door confinements which the 
weather enforces. a 

4. The pine-foreet regions, particnIaHj of the "lantic States, from 
Tirginiasonlherly, at an altitude offrom 500 to 1.500 feet above sea level, 
are notable for their salubrity at all seasons, and especially for the small 
ratio of deaths from pulmonary diseases. Horeover, similar resolts ob- 
tain on the Pacific coast: pulmonary diseases are more prevalent in the 
northern and colder regions than in the sonthern and wanner. 

5. Temperature, per se, as will be found on reference to tables for all 
latitudes and altitudes, appears to have bnt little infiuence. Bat when- 
ever the extremes are ench as to deprive persons of the benefit of open-air 
exercise they are proportionally detrimental. By a careful study of the 
isothermal lines on the Charts, however, and comparing their conrse with 
the results of the statistical tables for the several Statea, as the annual 
mean temperature rises there ia a marked decrease in the consumption 
death-rate. This is most marked in Florida. Southern Lonieiana ia 
exceptional by reason of its greater density of population — comprehend- 
ing Xew Orleans in relation with the moisture from a filthy soiL 

6. The relative humidity of the atmosphere is, perhaps, of all conditions, 
ihe one to which most importance is attached, and with special reference to 
pnlmonarr diseases. But careful study of the hygrometric tablea and 
charts, in relation with altitudes, will show thai it, like temperatore, is 
greatly influenced by local conditions. Indeed it is difficult to trace that 
moistnre has any influence j>«r m. Moreover, it will be foond that the 
amount of rainfall is no criterion by which to measure the hygrometric 
state of the atmosphere; and with reference to salubrity, the diapotal of 
the mn-fall is much more important. A soil which will not readily dis- 
poee of it, or local oonditiona which contaminate it, are alwsjs inipar- 
tant. Bnt with special reference to the degree of atmospheric laoiitiue 
deemed to be most desirable for consumptives, Jaocoad' sajra the deeir- 
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^ble limits are to be found between 70 and 80 hygrometric degrees. This 
statement^ in conjunction with the hygrometrical measurements and the 
ratios of deaths from pulmonary diseases in diJfferent localities^ will be 
found perfectly consistent with the results deducible from the statistical 
•evidence of this Tolume. 
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